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COAL   TRANSPORTATION    PRACTICES   AND   EQUIPMENT 
REQUIREMENTS   TO    1985 

by 

Gary  Mt  Larwood  ^  and  David  C,  Benson  ^ 


ABSTRACT 

A  study  was  conducted  to  determine  the  amount  of  transportation  equipment 
required  to  move  1.2  billion  tons  of  coal  in  1985.   The  Federal  Bureau  of 
Mines  has  investigated  a  majority  of  the  various  practices  associated  with 
coal  transportation  and  has  gathered  information  on  the  regional  origin- 
destination  patterns,  methods  of  movement,  equipment  stocks,  rate  structures, 
and  operational  capacities  of  the  most  important  modes  of  coal  haulage  cur- 
rently in  use. 

Models  employing  this  information  were  developed  to  establish  the  origin- 
destination  pattern  for  1985  coal  shipments,  estimate  practical  tonnage  capac- 
ities for  selected  coal  hauling  rivers,  develop  modal  shares  for  both  uncon- 
strained (by  river  capacity)  and  constrained  cases,  and  present  a  range  of 
coal  transportation  equipment  requirements  for  given  sets  of  constraints. 

Projected  transportation  shares  for  rail  ranged  from  63.7  to  72.3  percent, 
and  for  river,  from  8.8  to  16.4  percent.   Other  coal  transportation  modes 
(truck,  conveyor.  Great  Lakes,  and  tidewater)  are  expected  to  retain  their 
historic  shares  of  coal  traffic. 

Equipment  estimates  were  made  for  1985  rail  and  water  transportation 
based  on  1973  average  and  best  practice.  Average  practice  estimates  ranged 
from  675,000  to  710,000  hopper  cars  (100-ton)  and  3,100  to  5,940  barges 
(1,400-ton  equivalent).   Best  practice  estimates  ranged  from  126,000  to 
142,000  hopper  cars  and  1,750  to  3,450  barges.   Full  implementation  of  1973 
best  practice  by  1985  is  unlikely. 

INTRODUCTION 

Transportation  has  been  identified  as  a  possible  constraint  to  the 
planned  production  and  consumption  of  1.2  billion  tons  (16)^  of  coal  in  1985. 

^Metallurgist. 
^Physical  scientist. 

^Underlined  numbers  in  parentheses  refer  to  items  in  the  bibliography  that 
precedes  the  appendixes . 


The  Federal  Bureau  of  Mines  has  recognized  the  need  for  developing  an  expanded 
and  more  efficient  coal  haulage  network.   Cooperation  will  be  required  among 
all  sectors  of  transportation  to  achieve  the  Nation's  goals  to  (1)  overcome 
coal  supply  restrictions  imposed  by  air  quality  standards,  (2)  introduce  new 
areas  of  production  to  the  coal  consuming  market,  and  (3)  realize  the  econo- 
mies afforded  in  the  efficient  transportation  of  bulk  commodities.  An  under- 
standing for  the  extent  of  expansion  needed  to  meet  these  goals  demands  an 
estimation  of  the  future  transportation  equipment  requirements. 

Ill  prior  studies  (5.,  J^,  26^,  29),  these  estimates  were  developed  using  a 
static  approach.   Usually  the  authors  regarded  a  doubling  in  coal  production 
as  requiring  a  twofold  increase  in  transportation  equipment  to  reach  needed 
capacity.   In  contrast,  analyses  of  current  trends  and  practices  in  transpor- 
tation reveal  that  the  various  methods  of  hauling  coal  are  constantly  changing. 
Applying  innovative  techniques  to  existing  practices  and  introducing  com- 
pletely new  methods  have  lent  a  dynamic  nature  to  coal  transportation. 

This  study  is  concerned  with  identifying  the  major  dynamic  components  to 
coal  transportation  and  projecting  their  effect  on  1985  coal  traffic  and 
equipment  requirements.   It  entails  a  thorough  scrutiny  of  coal  transportation 
practices  over  the  past  10  years,  the  development  of  a  national  origin- 
destination  configuration  for  coal  shipments  in  1985,  a  presentation  of  inher- 
ent modal  costs  and  effects  of  river  capacity  constraints,  and  the  calculation 
of  equipment  requirements  for  select  situations. 

COAL  TRANSPORTATION  PRACTICES 

There  are  six  basic  modes  of  transporting  coal  in  the  United  States. 
Figure  1  illustrates  the  annual  coal  shipments  from  1962  through  1974  (part  A) 
and  the  shares  of  total  shipments  for  all-rail  (B ) ,  river  and  ex -river*  (C ) ; 
and  truck.  Great  Lakes,  conveyor,  and  tidewater  modes  (D).^   Coal  shipments 
have  increased  43  percent  during  the  period.   The  modal  shares  for  rail  have 
increased  slightly  between  1962  and  1974  (1.7  percent),  while  river  and 
ex-river  share  of  total  shipments  declined  slightly  (1.0  percent).  Modal 
share  growth  was  experienced  by  tramway  and  conveyors  (4.4  percent)  and  trucks 
(3.9- percent) ,  while  Great  Lakes  (-5.0  percent)  and  tidewater  (-3.9  percent) 
shares  declined. 

Rail  Transportation 

Rail  is  the  primary  method  for  coal  transportation  in  the  United  States. 
All-rail  movements  totaled  over  290  million  tons  in  1973,  a  41  percent 
increase  since  1962,  and  have  maintained  their  share  of  the  growth  in  ship- 
ments.  The  more  than  40  class  I  railroads  that  carry  coal  can  provide  trans- 
portation to  both  large  and  small  coal  mining  operations. 


* Terms  are  -defined  in  appendix  H. 

^Statistics  are  from  the  U.S.  Bureau  of  Mines  Mineral  Yearbook,  an  annual 
publication  (54). 
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FIGURE  1.  -  Modal  share  coal  shipments,  1962-74. 
Methods   of  Rail  Operation 

Single  car   loading   serves   the   smaller  coal  mines.      Empty  hopper  cars   are 
placed  at  the  mine   for  loading  as  ordered.      The  railroad  crew  and  motive  units 


must  make  two  trips  for  a  few  cars;  thus  crew  efficiency  and  equipment  utili- 
zation are  low.   In  addition,  the  cars  must  be  gathered  and  moved  through  a 
system  of  sorting  terminals. 

Multiple  car  loading,  serving  medium  to  large  mines,  provides  somewhat 
better  use  of  equipment  than  single  car  loading.   But  cars  still  must  be 
sorted  at  intermediate  termigials.   Most  coal  shipped  by  rail  is  moved  by  mul- 
tiple car  loading. 

Unit  trains,  the  most  efficient  method  of  rail  transportation,  serve  both 
medium  and  large  mining  operations.   They  require  rapid  loading  and  unloading 
facilities  with  the  associated  stockpiling  and  dedicated  railroad  equipment. 
From  1969  through  1973,  unit  train  tonnages  increased  in  14  of  21  coal  produc- 
ing States.   Table  1  provides  a  time  series  of  unit  train  loadings  by  State. 
For  those  States  east  of  the  Mississippi  River,  there  was  only  a  13 -million- 
ton  gain  or  11.5  percent  (1973  versus  1969).   Western  States  gained  nearly  20 
million  for  a  350-percent  gain. 

Although  unit  trains  require  three  to  four  times  fewer  hopper  cars  than 
used  in  single  car  loading,  they  moved  only  39  percent  of  rail  shipments  in 
1973  (54).   (Fig.  2  shows  the  growth  trend  of  unit  train  shipments.) 

Hopper  Car  Ownership 

Total  ownership  of  open- 
top  hopper  cars  by  class  I 
railroads  has  declined  by 
80,000  since  1964;  the  num- 
ber of  serviceable  cars  has 
dropped  by  nearly  73,000 
(table  2).^  Aggregate  ser- 
viceable capacity,  however, 
has  increased  slightly 
(table  2)  because  of  a 
steady  increase  in  average 
hopper  car  capacity 
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FIGURE  2.  -  Unit  train  movements  of  bituminous  coal 
and  lignitet 


®There  has  been  a  trend  for 
electric  utilities  and 
other  coal  consiamers  to 
purchase  their  own  hop- 
per cars.   This  trend  may 
well  continue  in  the 
future  because  of  the 
advantages  afforded  in 
favorable  rates  and  bet- 
ter car  control.  Elec- 
tric utility  ownership 
totaled  4,979  cars  in  1974. 


(fig.  3).   The  size  of  the  hopper  cars  ranges  from  50  to  110  short  tons. 
Although  a  listing  of  the  size  distribution  of  hopper  cars  currently  in  the 
industry  has  not  been  published,  the  replacement  size  has  increased  gradually 
with  time.   This  size  distribution  would  be  a  good  indication  of  car  age. 
Railroads  now  are  purchasing  cars  in  the  range  from  80  to  110  tons  per  car. 
The  current  (November  1,  1974)  order  backlog  for  coal  hopper  cars  is  near 
25,832  (11). 


TABLE  1.  -  Unit  train  movements  of  bituminous  coal  and  lignite 

(Thousands  of  net  tons) 


State 


1968 


1969 


1970 


1971 


1972 


1973 


Eastern: 

Alabama 

Arkansas 

Illinois 

Kentucky  East 

Kentucky  West 

Total  Kentucky. 

Maryland 

Ohio 

Pennsylvania. . . . ,  , 

Tennessee 

Virginia 

West  Virginia 

Total  eastern. . 


Western: 

Colorado 

Indiana 

Iowa 

Kansas 

Missouri 

Montana  (Bitum. ) 

New  Mexico 

North  Dakota  (Lig.).. 

Oklahoma 

Utah 

Wyoming 

Other 

Total  western^ .... 


Grand  total^ 


13,363 
8,537 
4,864 


13,401 


10,477 
18,054 

5,372 
42,289 


102.956 


731 


(M 


5,435 


2,257 

40 

17,621 

7,420 

6,845 


3,088 

17,217 
9,361 
8,762 


3,373 

89 

17,329 

11,164 

7,730 


4,253 

21,777 
9,522 
6,706 


14,265 


18.123 


18.894 


16.228 


150 
13,014 
20,370 

5,067 
40,733 


232 
13,308 
21,325 

398 

5,861 

30,110 


210 

16,688 

19,125 

1,343 

2,525 

26,793 


60 

18,063 

18,228 

1,171 

3,301 

33,446 


113.517 


109.662 


106.369 


116.527 


1,336 
1,913 

96 
365 
2 
742 
787 
934 
2,031 


2,427 
2,997 


3,022 

1,130 

916 

974 

2,055 

107 


1,692 
2,351 

762 

6,526 

1,034 

923 

910 

1,825 

441 


1,210 

3,048 

378 

214 

7,698 
623 

1,577 
462 

1,905 

2,889 


6.167 


8.206 


13.628 


16,464 


20.004 


109,125 


121,722 


123,289 


122,832 


136,534 


3,930 

22,155 

12,197 

7,291 


19.489 


122 

18,266 

22,262 

1,208 

4,477 

34,203 


126.111 


2,391 

5,493 

190 

10,115 

778 

1,607 

489 

2,094 

5,826 


28.983 


155,094 


1 Included  in  "Other. " 

^Totals  may  not  add  due  to  independent  rounding. 


Source:   Bureau  of  Mines  Minerals  Yearbook  (54) 


TABLE   2.    -  Total  ownership   and   aggregate   serviceable   capacity 
of   open-top  hopper  cars  by  class   I  railroads 


Year  (as  of 
January  1) 


Total 
hopper 
car 
ownership 


Hopper 
cars 
awaiting 
repairs 


Serviceable 
hopper  cars 


Aggregate 

serviceable 

capacity, 

million 

short  tons 


Average  car 

capacity, 

tons 


1964. 
1965. 
1966. 
1967. 
1968. 
1969. 
1970. 
1971. 
1972. 
1973. 
1974, 


434,516 
434,234 
428,566 
428,970 
419,298 
410,508 
394,204 
388,492 
386,482 
373,136 
354,608 


26,227 
25,943 
21,451 
17,706 
17,518 
17,558 
16,054 
14,983 
14,479 
17,865 
19,280 


408,289 
408,291 
407,115 
411,264 
401,780 
392,950 
378,150 
373,509 
372,003 
355,271 
335,328 


25.33 
26.07 
26.53 
27.50 
27.48 
27.53 
27.06 
27.23 
27.68 
26.99 
25.68 


62.04 
63.84 
65.18 
66.87 
68.40 
70.05 
71.56 
72.89 
74.41 
75.98 
76.57 


Source:  Association  of  American  Railroads  (2.). 

Hopper  Car  Utilization 

Each  hopper  car  travels  an  average  of  57  miles  per  day.  At  20  miles  per 
hour,  the  average  car  spends  about  3  hours  in  transit.  The  remaining  time  is 
spent  in  sorting  yards,  terminals,  loading/unloading  facilities,  etc. 
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The  advantages  of  unit  trains  become  even  more  apparent  when  considering 

the  gains  in  intensity  of 
''    '   '   '    '   '   '    '    equipment  use.   For  example, 

a  unit  train  probably  can 
make  a  3 00 -mile  haul  and 
return  in  1.5  days;  that  is 
an  average  of  400  miles  per 
day  including  loading  and 
unloading --a  sevenfold 
increase  over  average  prac- 
tice.  One  car,  making  three 
trips  per  week  in  a  unit 
train  running  300  miles, 
would  make  150  trips  per 
year  in  a  50 -week  year  or 
transport  15,000  tons 
(assuming  car  capacity  at 
100  tons).   In  contrast,  the 
same  car,  with  an  average 
14.36  days  turn-around -time 
and  a  3 00 -mile  haul  (1973 
average)  ,  would  make  24 
trips  per  year  and  transport 


1964 


1966 


1968 


1970 


1972 


1974 


FIGURE  3t  -  Average  open-top  hopper  car  capacity. 


2,400  tons  per  year.   The  case  for  using  unit  trains  with  dedicated  equipment 
and  rapid  loading/unloading  facilities  for  serving  medium  to  large  mining  oper- 
ations is  strong  indeed. 

Coal  Originating  and  Interlining 

Table  3  lists  coal  movements  handled  by  the  major  15  coal  carriers  in 
1973.   Most  of  the  roads  (11  out  of  15)  hauled  more  originated  tonnage  than 
connecting  tonnage;  the  five  largest  roads  originated  nearly  300  million  tons-- 
or  80  percent  of  tonnage  originated  by  class  I  railroads  in  1973. 

TABLE  3.  -  Bituminous  coal  handled  and  hopper  cars  owned 

by  major  coal  carriers,  1973 


Railroad 


Originated 


Other 


Total^ 


Open-top 

hopper 

cars  owned 


1.  Penn  Central 

2.  Norfolk  and  Western 

3.  Chesapeake  and  Ohio 

4.  Louisville  and  Nashville 

5.  Baltimore  and  Ohio 

6 .  Southern 

7.  Illinois  Central  Gulf 

8.  Burlington  Northern 

9.  Seaboard  Coast  Line 

10.  Carolina,  Clinchfield  and  Ohio. 

11.  Chicago  and  North  Western 

12.  Reading 

13 .  Union  Pacific 

14.  Western  Maryland 

15.  Denver  and  Rio  Grande  Western.. 
Total, 


39,486 
67,609 
49,605 
48,692 
26,677 
23,860 
27,074 
24,711 

7,236 
4,123 
2,221 
7,491 
4,814 
7,850 


39,561 
9,081 

10,582 
2,356 

13,777 

10,818 
1,816 
2,023 

15,826 
5,893 
8,344 
9,037 
3,013 
5,204 
2,136 


79,047 
76,690 
60,187 
51,048 
40,454 
34,678 
28,890 
26,734 
15,826 
13,129 
12,467 
11,258 
10,504 
10,018 
9,986 


1  The  total  tonnage  for  each  railroad 
ing  and  terminating)  tonnages.  I 
for  one  road  will  be  included  in 


341,449 


139,467 


480,916 


58,581 

63,351 

47,626 

35,343 

26,197 

12,543 

12,674 

18,846 

8,980 

4,486 

4,238 

5,188 

8,790 

5,623 

2,479 


314,945 


includes  or 
n  most  cases 
one  or  more  other  road 


iginating 
,  portions 


and  other 

of  tonnag 
s. 


(connect- 
e  shown 


Source:  Association  of  American  Railroads  (2) 


Table  4  illustrates  the  regional  distribution  of  coal  handled  in  1973. 
In  each  district,  over  half  the  originating  tonnage  terminated  was  not  inter- 
lined (moved  by  more  than  one  rail  carrier).   Generally,  coal  is  moved  and 
cars  recycled  more  efficiently  where  the  origin-destination  is  with  one  car- 
rier.  Problems  encountered  with  carrier  coordination,  car  control,  and 


interlining  tend  to  limit  the  market  for  unit  trains.''^   Therefore,  unit  train 
movements  generally  occur  as  single-line  operations  (28,  p.  243). 

TABLE  4.  -  Bituminous  coal  handled  by  district  railroads,  1973 

(Thousand  net  tons) 


District 

Originating  and 
terminating  on 
line 

Delivered  to 
connections 

Total 
originating 

Total 
carried""- 

Eastern. , = , 

112,986 
61,391 
35,795 

95,220 
45,472 
25,214 

208,205 

106,863 

61,010 

333,334 

Southern 

Western 

145,071 
88,022 

Total  United  States 

210,172 

165,906 

376,078 

566,427 

^Includes  duplications, 

Source:   Association  of  American  Railroads  (2). 

Financial  Considerations 

Much  has  been  written  concerning  the  financial  ills  of  the  railroad 
industry.   A  ranking  of  industrial  groups  by  rate  of  return  on  net  worth  for 

1972  places  class  I  railroads  69th  at  3.0  percent.® 

Table  5  lists  the  capital  expenditures  for  equipment  and  roadways  for  the 
1963-73  period.   Expenditures  for  equipment  peaked  in  1966  at  $1.5  billion; 

1973  aggregate  equipment  expenditures  were  $0.9  billion  (current  dollars). 
New  and  rebuilt  railroad  equipment  for  class  I  railroads  (table  6)  also  peaked 
in  1966  and  has  since  declined  44  percent  to  60,390  in  1973.   Railroads  may 
require  financial  assistance  for  improving  mainline  trackage  and  signaling 
systems,  and  expanding  equipment  to  meet  the  growth  in  capacity  required  for 
projected  coal  haulage  (26^,  p.  40). 


■''A  railroad  tends  to  strive  for  self-sufficiency  because  it  is  most  vulnerable 
when  dependent  on  competing  railroads.   On  interlined  shipments,  the  orig- 
inating carrier  loses  some  control  over  the  quality  of  service  the  shipper 
receives.   This  situation  attenuates  the  sense  of  responsibility  that  the 
originating  carrier  may  feel  for  prompt,  safe  delivery. 
To  accommodate  this  interline  traffic,  the  railroads  must  perform  as  a  sys- 
tem.  At  the  same  time,  because  the  participants  in  the  interlining  of 
traffic  will  typically  serve  some  of  the  same  markets  as  one  particular 
road,  the  railroads  find  themselves  competing  with  the  very  carriers  upon 
whom  they  depend  and  with  whom  they  are  obliged  to  cooperate. 
Demurrage  charges  are  generally  regarded  as  inadequate  to  optimize  freight - 
car  utilization.   Individual  carriers  tend  to  minimize  costs  to  themselves 
with  only  slight  regard  to  any  higher  costs  imposed  on  connecting  carriers. 
"Foreign"  cars  are  utilized  and  cared  for  so  as  to  minimize  costs  for  the 
railroads  whose  lines  they  are  on,  which  may  contrast  to  the  interests  of 
the  cars'  owners. 

^First  National  City  Bank  of  New  York,  Monthly  Letter,  April  1973. 


TABLE   5.    -  Capital  expenditures,   class   I   railroads 
(Thousand  current  dollars) 


Year 


1963, 
1964. 
1965. 
1966. 
1967. 
1968. 
1969. 
1970. 
1971. 
1972. 
1973. 


Total 


1,043 
1,417 
1,630 
1,952 
1,522 
1,186 
1,509 
1,351 
1,177 
1,215 
1,342 


,788 
,263 
,687 
,805 
,478 
,979 
,394 
,439 
,627 
,581 
,138 


Equipment 


784 

1,139 

1,303 

1,554 

1,148 

818 

1,088 

993 

863 

847 

892 


,874 
,683 
,602 
,223 
,381 
,720 
,712 
,095 
,517 
,623 
,690 


Roadways  and 
structures 


258,914 
277,580 
327,084 
398,581 
374,097 
368,259 
420,681 
358,344 
314,110 
367,958 
449,448 


Source:  Association  of  American  Railroads  (2^). 
TABLE  6.  -  New  and  rebuilt  railroad  equipment,  class  I  railroads 


Year 


1963. 
1964. 
1965. 
1966. 
1967. 
1968. 
1969. 
1970. 
1971. 
1972. 
1973. 


Locomotive  units 


New 


834 
1,071 
1,387 
1,419 
1,109 

978 
1,158 
1,029 
1,179 
1,377 
1,178 


Rebuilt 


16 
6 

4 

83 

64 

108 

200 

188 


Freight  cars 


New 


44,804 
69,051 
77,707 
89,899 
82,828 
55,964 
68,717 
65,881 
55,046 
47,322 
57,888 


Rebuilt 


3,295 

13,936 

11,825 

15,954 

17,086 

12,604 

6,944 

9,255 

5,587 

2,660 

1,136 


Source:   Association  of  American  Railroads  (2_) . 

Regulation 

The  railroads  are  regulated  primarily  by  the  Interstate  Commerce  Com- 
mission (ICC).   Regulation  has  hindered  transportation  modernization  in  an  era 
of  changing  transportation  markets.^  Regulatory  practices  have  caused  ineffi- 
ciency and  idle  resources  in  the  railroads  as  well  as  in  all  transportation 
sectors.   Costs  from  these  regulatory  practices  have  been  estimated  at  $4  to 
$10  billion  per  year  to  shippers  and  consvimers  (28_,  p.  197). 


®For  a  complete  discussion  of  arguments  for  regulatory  modernization, 
chapter  VI,  pp.  187-209,  of  Improving  Railroad  Productivity  (28). 


see 
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Water  Transportation 

In  1913 f   coal  shipped  on  the  inland  waterways --Mississippi  and  Gulf 
Intracoastal  Waterway  (GIWW)  River  System--accounted  for  over  69  percent  of 
the  coal  shipped  by  water;  shipments  on  the  Great  Lakes  and  tidewater  con- 
stituted the  remaining  26  percent  and  5  percent,  respectively. 

Mississippi  River  System  and  Gulf  Intracoastal 
Waterway  Transportation 

Nearly  18  percent  of  total  U.S.  shipments  was  moved  on  the  Mississippi 
River  System  and  Gulf  Intracoastal  Waterway  (GIWW)  in  1973.   This  modal  share 
has  been  fairly  steady  in  the  last  10  years.   Total  tonnage  moved  by  barge  has 
increased  36  percent  since  1962,  keeping  pace  with  the  almost  39  percent 
growth  in  total  coal  shipments  (fig.  1).   Figure  4  illustrates  the  location  of 
Mississippi  River  Systems  and  Gulf  Intracoastal  Waterway,  and  the  10  major 
coal  hauling  rivers  or  river  sections  within  the  system.   The  10  sections  were 
selected  to  facilitate  analysis  of  current  coal  movements  and  for  later  growth 
projections. 

Coal  Markets  Served 

Primary  rivers  used  in  the  Mississippi  River  System  for  coal  transporta- 
tion are  the  Monongahela,  Green,  Kanawha,  Ohio,  Tennessee,  Illinois,  and 
Mississippi  Rivers.  A  minimtrai  9-foot  operating  depth  is  maintained  for  15,675 
miles  of  channels.   Except  for  the  Lower  Mississippi,  the  channels  are  slack- 
water  routes  that  have  been  improved  for  navigation  by  the  construction  of 
systems  of  locks  and  dams.   The  Mississippi  is  open  river  for  1,000  miles 
south  of  St.  Louis.   Figure  5  illustrates  the  major  coal  origin -destination 
groupings  and  tonnages  by  river  for  1972  (45) .   The  Ohio  River,  the  primary 
origin,  carried  over  32  million  tons,  nearly  29  percent  of  all-river  shipments 
of  coal  in  1972.   The  Monongahela  River  originated  27  million  tons;  Green 
River,  16  million  tons;  upper  Mississippi,  15  million;  Tennessee  River,  8  mil- 
lion; and  the  Kanawha  River,  7  million  tons. 

Figure  6  illustrates  the  destination  shares  for  coal  originating  on  the 
Ohio  River  System.   The  system,  which  includes  the  Ohio,  Green,  Allegheny, 
Kanawha,  and  Monongahela  Rivers,  originated  57  million  tons  in  1972  or  three- 
quarters  of  the  total  water  shipments.  Most  of  the  shipment  destinations  are 
on  the  Ohio  River. 

Types  of  Carriers 

In  1970,  922  carriers  operated  on  inland  waterways  (60).^°   The  carriers' 
status  under  ICC  economic  regulation  is  commonly  used  to  classify  types  of 
barge  carriers;  that  is,  carriers  may  be  regulated  or  unregulated.  Unregu- 
lated carriers  include  (1)  private  operators  who  carry  their  own  property  and 

^°A  1970  survey  of  water  carriers  hauling  dry  bulk  commodities  on  the  Missis- 
sippi River  System  (excluding  sand,  gravel,  crushed  rock,  and  marine 
shells)  identified  73  unregulated  carriers. 
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MEXICO 


FIGURE  4.  -  Major  coal  hauling  river  systems  in  the  United  States, 
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FIGURE  5.  -  Inland  waterway  destinations  by  origin  river,  1972. 
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(2)  exempt,  for -hire  operators  who  transport  commodities  not  regulated  by  ICC. 
Most  coal  is  shipped  by  exempt,  unregulated  carriers.   Therefore  little  coal 
traffic  is  regulated  and  reported  to  the  ICC. 

Methods  of  Operation 

A  tow  is  formed  by  tying  barges  and  towboat  together  so  that  they  act  as 
a  single  unit.   With  the  towboat  providing  power  at  the  rear  of  the  barges,  a 
greater  nximber  of  barges  can  be  handled,  at  greater  speeds  and  under  better 
control,  than  in  pull -towing  operations.   The  character  of  the  waterways 
determine  the  maximum  size  and  speed  of  tows.   The  width  of  channel,  bends  and 
curves,  size  of  locks,  etc.,  serve  to  limit  speed  and  tow  size.   The  small 
restricted  rivers,  such  as  the  Monongahela  and  Allegheny  Rivers,  are  limited 
to  4  to  6  standard  barges  (900  tons,  175  feet  by  26  feet),  while  on  the  open 
lower  Mississippi,  maximum  tow  size  is  40  jumbo  barges  (1,400  tons,  195  feet 
by  35  feet).   Speeds  range  from  90  to  200  miles  per  day.   The  dry  cargoi  barge 
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fleet  (table  7)  numbered  14,000  in  1972  with  an  average  capacity  of  1,139  net 
tons. 

TABLE  7.  -  Inland  waterways  fleet  on  the  Mississippi  River- 
Gulf  Intracoastal  System 


Equipment 


Jan.  1, 
1969 


Jan.  1, 
1970 


Jan. 
1971 


Jan.  1, 
1972 


Jan.  1, 
1973 


Dry  cargo  barges: 

Number 

Total  cargo  capacity. .million  tons. 
Average  net  capacity tons  . 

Towboats : 

Number 

Total  horsepower thousands. 

Average  horsepower  per  towboat 


Ratio:   Dry  barge/towboats 


12,056 

13.5 

1,121 


2,214 

2,134 

964 

5.4 


12,550 

14.3 

1,138 


2,297 

2,275 

990 

5.5 


13,318 

14.9 

1,116 


2,344 

2,305 

983 

5.7 


13,985 

15.9 

1,139 


2,427 
2,549 
1,050 

5.8 


14,904 

17.3 

1,160 


2,293 
2,654 
1,157 

6.5 


Source:   Transportation  Series  5,  U.S.  Army  Corps  of  Engineers. 

The  average  length  of  haul  for  coal  and  coke  by  exempt,  for-hire  carriers 
was  341  miles  in  1972  (45),  somewhat  less  than  the  all -commodity  average  of 
379  miles. 

Great  Lakes  and  Tidewater 


Total  tonnage  and  relative  importance  for  both  water  modes  have  declined 
in  the  last  decade.   Eight  percent  and  one  percent  of  total  coal  shipments 
were  moved  on  the  Great  Lakes  and  by  tidewater  in  1973,  respectively. 

Great  Lakes  shipments  of  coal  in  1973  were  primarily  originated  at  Lake 
Erie  ports  for  movement  to  United  States  and  Canadian  ports  (table  8).   An 
additional  5.4  million  short  tons  were  loaded  on  Lake  Michigan  ports.   The 
Bureau  of  Mines  reported  7,355,000  short  tons  of  coal  moved  by  tidewater  in 
1973;  Hampton  Roads,  Va. ,  was  the  primary  shipping  area. 

TABLE  6.  -  Coal  shipments  to  Canada  and  United  States  from  Lake  Erie 

ports,  1973,  thousand  net  tons 


Country 

Superior 

Sault 
Ste.  Marie 

Huron 

Lower 
rivers 

Erie 

Through 

We  11 and 

Canal 

Lake 
Michigan 

Canada 

United  States. . 

236 
2,805 

2,400 
259 

69 
812 

3,184 
11,992 

1,652 
323 

8,245 

2,118 

Total 

3,041 

2,659 

881 

15,176 

1,975 

8,245 

2,118 

Source:   Lake  Carriers  Association. 
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Markets  for  Great  Lakes  and  tidewater  coal  transportation  are  limited  by 
geographical  locations  and  port  facilities.  Some  growth  has  been  experienced 
in  bimodal  (rail-Great  Lakes)  movements  from  the  West, 

Truck  Transportation 

Over  11.5  percent  of  total  coal  shipments  in  1973  was  by  truck,  up  from 
7.9  percent  in  1962.   Truck  transportation  dominates  the  short-haul  segment  of 
coal  shipping  and  is  the  most  flexible  mode.   It  services  both  small  consumers 
and  small  producers,  as  well  as  some  large  tonnage  origin -destinations.   Ohio 
and  Pennsylvania  received  over  one -third  of  the  total  shipments  by  truck  in 
1973  (table  9). 

TABLE  9.  -  Truck  shipments  of  bituminous  coal,  by  State,  1973, 

thousand  net  tons 


State 


Shipments 

Shipments 

originated 

received 

3,003 

^4,847 

115 

e) 

142 

244 

746 

1,259 

553 

689 

3,393 

^5,540 

3,682 

5,847 

439 

459 

74 

- 

6,094 

9,979 

90 

^3,304 

28 

80 

3 

7,330 

- 

1,330 

- 

14 

- 

^2,887 

11,555 

^15,836 

17,824 

^20,618 

2,618 

2,376 

1,492 

1,355 

1,285 

106 

24 

30 

3,776 

^3,181 

45 

^5,670 

- 

223 

57,268 

^93,004 

- 

68,114 

Alabama  and  Mississippi 

Alaska , 

Arkansas,  Louisiana,  Oklahoma,  and  Texas, 

Colorado 

Delaware  and  Maryland 

Georgia 

Illinois 

Indiana 

Iowa 


Kansas 

Kentucky 

Missouri 

Montana  and  Idaho 

New  Mexico 

New  York 

North  Carolina 

North  and  South  Dakota. 
Ohi 


no 

Pennsylvania 
Tennessee. . . 
Utah 


Virginia 

Washington  and  Oregon 

Wast  Virginia 

Wyoming 

Origin-destinations  not  revealable. 

Total  United  States^ 

Total  destinations  via  truck. 


^Includes  shipments  via  tramway,  conveyors, 
® Included  with  all  rail  shipments. 


and  private  railroad,  as  noted. 
Data  may  not  add  to  totals  shown  because  of  independent  rounding. 


Source:   Bureau  of  Mines  Minerals  Yearbook  (54) . 


17 


Alternative  Modes 

Two  alternative  modes  are  used  for  coal  transport  where  select  conditions 
prevail: 

1.  Conveyors  are  used  for  short  hauls  (less  than  20  miles)  where  the 
life  and'  size  of  the  mining  operation  will  support  the  capital  investment. 
They  are  often  employed  for  so-called  mine-mouth  powerplants. 

2.  Coal -slurry  pipelines  may  be  used  where  high -volume,  long-distance 
transportation  is  required  and  the  railroad  network  is  such  that  the  origin- 
destination  cannot  be  efficiently  served.   Several  long-distance  pipelines  are 
currently  under  study  to  move  coal  from  the  West  to  Midwest  and  South.   Prob- 
lems of  obtaining  eminent  domain  and  water  rights  may  impede  expansion  of  coal- 
slurry  pipelines  in  the  next  decade. 

COMPARATIVE  MODAL  ADVANTAGES 

Selection  of  transportation  modes  is  primarily  made  on  the  basis  of  cost. 
However,  other  factors  inherent  to  each  mode  influence  their  selection  for  a 
particular  origin-destination.   Transportation  flexibility  may  be  required 
where  the  market  and/or  source  is  short  term.   In  general,  truck  is  the  most 
flexible  coal  transport  mode  followed  by  rail,  barge,  conveyor,  and  slurry 
pipeline. 

Required  annual  tonnages  for  an  origin-destination  may  limit  the  applica- 
tion of  some  hauling  methods;  small  tonnages,  which  cannot  efficiently  utilize 
dedicated  transport  equipment  (such  as  unit  trains  and  barges),  may  be  trans- 
ported by  non -unit  trains  or  trucks.   Slurry  pipelines  become  more  economical 
(on  a  ton-mile  basis)  with  increased  tonnages --20  to  25  million  annual  tons  is 
the  current  estimated  maximum  capacity. 

Distance  may  limit  application  of  some  coal  hauling  methods.   Generally, 
conveyors  best  serve  rather  short  distance  origin-destinations  (under  20 
miles),  followed  by  trucks,  which  efficiently  service  origin-destinations  up 
to  about  50  miles. ■^    In  contrast,  trains  and  barges  may  service  any  distance. 

ANALYSIS  OF  FACTORS  DETERMINING  TRANSPORTATION  EQUIPMENT 
REQUIREMENTS  FOR  1985  COAL  PRODUCTION  AND  CONSUMPTION 

In  the  analysis  of  equipment  requirements  for  transporting  coal  in  1985, 
the  major  factors  to  be  considered  are-- 

1.   Location  and  interaction  of  the  centers  of  production  and  consumption 
for  coal. 


^^Occasionally  where  rail  service  is  not  available  or  to  cover  marginal  fuel 
needs  for  powerplants,  truck  haulage  is  used  for  distances  of  200  miles 
and  more. 
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2.   Comparative  modal  costs  of  transporting  coal, 


3.   Existence  of  constraining  factors  and  their  effects  on  coal  haulage 
capacity. 

Each  factor  is  considered  in  this  analysis. 

Assumptions  to  be  carried  throughout  the  study  include  the  following: 

1.   Coal  consumption  in  1985  will  equal  the  projected  production  of  1.2  billion 
tons. 


2. 
in  1985. 


Rail  facilities  will  be  available  for  an  unlimited  amount  of  coal  traffic 


3.   Discussion  of  both  the  regional  and  numerical  aspects  of  the  study  is 
extremely  aggregate  and  macro.   Numbers  should  not  be  treated  in  the  micro  without 
due  caution.   Figure  7  provides  guidance  to  the  reader  for  the  methods  of  analysis 
that  follows.   Each  block  description  is  keyed  into  an  analysis  subheading. 

Selection  of  Production  and  Consumption  Centers  (1) 

The  national  scope  of  this  project  dictated  that  the  analysis  of  the  producing 
and  consuming  regions  of  coal  be  macroeconomic  rather  than  microeconomic.   Battelle 
Columbus  Laboratories  (5_)  used  this  macro  approach  in  studying  coal  production  and 
consumption  centers  for  the  Federal  Bureau  of  Mines.   Therefore,  an  assignment  pro- 
cess for  selecting  representative  production  and  consumption  centers  was  established. 

The  coal  producing  districts  (as  defined  by  the  Federal  Bureau  of  Mines)  were 
selected  to  represent  areas  of  supply  with  centrally  located  cities  within  these 
districts  depicting  the  production  centers.   Table  10  lists  the  23  producer  dis- 
tricts and  their  corresponding  shipping  origins. 

TABLE  10.  -  Coal  producing  districts  and  the  corresponding 

shipping  origins 


Producer  district-'- 


Shipping  origin 


Producer  district^ 


Shipping  origin 


1  Eastern  Pennsylvania. , 

2  Western  Pennsylvania. . 

3  Northern  West  Virginia 

4  Ohio 


5  Michigan 

6  Panhandle 

7  Southern  Number  1. 

8  Southern  Number  2. 

9  West  Kentucky 

10  Illinois 


11  Indiana. 

12  Iowa 

13  Alabama, 


Clearfield,  Pa. 
Pittsburgh,  Pa. 
Grafton,  W.  Va. 
Urichsville, 
Ohio. 

Weirton,  W.  Va. 
Beckley,  W.  Va. 
Hazard,  Ky. 
Rockport,  Ky. 
Mt .  Vernon , 

111. 
Vincennes , 

Ind. 
Des  Moines, 

Iowa. 
Birmingham, 

Ala. 


14  Arkansas -Oklahoma. 

15  Southwestern. . . ; . . 


16  Northern  Colorado. 

17  Southern  Colorado. 


18  New  Mexico. 


19  Wyoming. 

20  Utah 


21  North  Dakota-South 

Dakota. 

22  Montana 

23  Washington 


Fort  Smith, 

Ark. 
Oklahoma  City, 

Okla. 
Denver,  Colo. 
Grand  Junction, 

Colo. 
Black  Mesa, 

Ariz. 
Casper,  Wyo. 
Spring  Canyon, 

Utah. 
Minot,  N.  Dak. 

Billings,  Mont. 
Auburn,  Wash. 


■■■Coal  producing  districts 
table  B-1). 


as  defined  by  the  Federal  Bureau  of  Mines  (appendix 
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(1) 

National  reqionalization  of  coal 
consumption  and  production  sectors 


£ 


(3) 


Development  of  the  1973  costs  incurred 
in  the  delivery  of  coal  from  producing 
to  consuming  regions 


(2) 

Projection  to  1985  of  the  quantity 

of  coal  to  be  consumed  and  produced 

within  these  respective  regions 


(4) 
Delineation  of  coal  distribution 
between  producing-consuming  regions 
(origin-destination)  in  1973.  Expan- 
sion and  adjustment  of  distribution 
network  to  projected  1.2  billion  ton 
level  for  1905 


(5) 

Development  and  comparison  of 
transportation  cost  functions 
for  water  and  rail 


(6) 

Actual  1973  modal  shares  for  truck, 

conveyor,  pipeline,  tidewater,  and 

Great  Lakes  transport  determined  and 

held  constant  through  1985 


(7) 
Estimation  of  the  modal  shares  required  by  or 
developed  in  the  distribution  of  1.2  billion  tons 
of  coal  in  1985  (assuming  no  constraints  to  the 
various  systems  of  transportation) 


(8) 
Calculation  of  projected  1985  capacities  for 
select  rivers 


(9) 
Estimation  of  the  constraining  effects  of  river 
capacities  on  projected  modal  shares  for  rail  and 
water  in  1985 


(10) 
Calculation  of  the  amount  of  equipment  required 
to  transport  the  rail  and  water  shares  of  the 
projected  1.2  billion  tons  of  coal  in  1985 


FIGURE  7.  -  Analysis  flov/  chart  for  transportation  equipment. 
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The  Bureau  of  Mines  method  of  reporting  coal  consumption  statistics  by 
State  provided  the  foundation  for  using  the  individual  States  as  the  consuming 
regions.   Centers  of  consumption  for  these  States  were  selected  as  follows: 

1.  All  States  have  at  least  one  consumption  center. 

2.  Adequate  transportation  facilities  exist  at  the  centers. 

3.  The  centers  represent  a  major  area  of  consumption  within  the  State. 

4.  A  State  having  a  navigable  waterway  either  forming  a  boundary  or 
transversing  its  area  has  (1)  its  demand  center  located  for  reception  of  both 
rail  and  water  transportation  or  (2)  separate  rail/water  demand  centers. 

5.  Larger  consuming  States  have  multiple  centers  to  avoid  possible  dis- 
tance discrimination. 

Export  coal  was  handled  on  the  basis  of  the  location  of  the  final  market  to  be 
reached.   The  47  consumption  regions  and  their  corresponding  centers  of  con- 
sumption are  presented  in  table  11. 

Projections  of  Coal  Production  and  Consumption  by  Region  (2) 

The  allotment  of  district  production  necessary  to  produce  1.2  billion 
tons  of  coal  in  1985  was  taken  directly  from  the  Project  Independence  Blue- 
print intermediate  scenario  (16)  --table  8A  (see  appendix  table  C-1).   These 
projections  were  made  by  the  Project  Independence  Interagency  Task  Force. 

The  regional  configuration  for  the  consumption  of  1.2  billion  tons  of 
coal  in  1985  was  based  primarily  on  the  publication  titled  "Assessment  of  the 
Impact  of  Air  Quality  Requirements  on  Coal  in  1975,  1977,  1980"  (55),  which 
projected  coal  consumption  to  1980  in  the  utility,  industrial,  and  residential/ 
commercial  sectors  (excludes  coking  coals).   Because  this  transportation  study 
was  focused  primarily  on  1985,  the  previous  projections  were  adjusted  by  five 
steps: 

1.  Projections  for  export  and  domestic  coking  coal  consumption  to  1985 
were  obtained  from  the  Bureau  of  Mines  unpublished  estimates.   These  values 
were  then  subtracted  from  the  1.2  billion  tons  of  coal  to  be  produced  in  1985. 

2.  The  resultant  was  divided  by  the  total  projected  1980  consumption  in 
order  to  obtain  a  factor  of  increase. 

3.  The  individual  sectors  comprising  the  consiomption  pattern  were  then 
multiplied  by  this  factor  of  increase  on  a  regional  basis. 

4.  The  projected  value  for  1985  coking  coal  consumption  was  then  redis- 
tributed according  to  each  State's  contribution  to  total  1973  coking  coal 
consumption  as  reported  in  the  Bureau  of  Mines  publication  "Bituminous  Coal 
and  Lignite  Distribution--Calendar  Year  1973"  (56) . 

5.  Export  markets  were  established  as  individual  regions  of  consimiption. 
Resultant  regional  consumption  is  depicted  in  table  12  (see  appendix  A). 
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TABLE  12.  -  Projected  regional  consumption  of  coal,  1985 
(Thousand  short  tons) 


Region 


Projected 
1980 
consumption 


Weighted 
unidentified  1980 
consumption-'^ 


Projected  1985 
coking  coal 
consumption^ 


Projected 

1985 

consumption 


Alabama 

Arizona 

Arkansas 

Colorado 

Delaware 

District  of  Columbia. 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Canada 

Mexico 

Other  export 

Total 


25 
8 
5 

12 
1 

7 
18 

47 
45 
10 

7 
30 

1 


36 

11 
1 

22 
6 
7 
7 
1 
1 
9 
8 

28 
1 

70 
6 

46 

8 

9 

23 

37 

4 

7 

2 

31 

17 

9 


,525 
,525 
,685 
,025 
,292 

862 
,105 
,735 

500 
,310 
,055 
,435 
,330 
,960 
,485 
,070 
75 
,440 
,910 
,660 
,285 
,645 
,610 
,380 
,120 
,165 
,495 
,910 
,660 
,770 
,348 
,640 
70 
,710 
,150 
,205 
,485 
,020 
,910 
,835 
,385 
,850 
,415 
,325 


(^) 
ill 


1,100 

728 

39 

943 

52 

8 

337 

889 

0 

270 

256 

62 

50 

1,351 

10 

416 

0 

175 

71 

80 

142 

534 

50 

636 

54 

53 

826 

291 

1,281 

776 

374 

46 

0 

1,920 

314 

121 

997 

257 

349 

245 

190 

1,287 

92 

790 

f) 

f) 


8,547 

0 

137 

1,427 

775 

0 

0 

0 

0 

3,803 

17,431 

0 

0 

1,489 

36 

5,323 

0 

6,247 

1,386 

556 

409 

0 

0 

0 

0 

0 

0 

5,276 

0 

0 

17,181 

159 

0 

29,695 

0 

0 

247 

889 

2,324 

0 

0 

6,657 

306 

0 

f) 

f) 


48,752 
13,973 

8,780 
21,010 

2,805 

1,314 
11,240 
29,633 
755 
75,652 
85,854 
15,851 
11,144 
50,279 

2,293 

19,649 

113 

61,539 

19,477 

3,183 
34,276 
10,841 
11,576 
12,105 

1,774 

1,840 
15,585 
19,171 
45,213 

3,845 

123,975 

10,255 

106 

103,128 

12,781 

10,483 

37,217 

57,178 

10,266 

12,202 

3,887 

56,696 

26,742 

15,274 

^23,184 

^441 

^51.375 


1,198.312 


the  Impact  of  Air  Quality  Requirements  on  Coal  in  1975,  1977,  and 


■"■Based  on  "Assessment  of 
1980"  (55). 
Based  on  Federal  Bureau  of  Mines  projections  (unpublished), 
Not  calculated. 
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Delivered  Cost  of  Coal  for  the  Origin-Destination  Matrix  (3) 

The  regional  consumption  pattern  having  been  established,  a  method  for  deriving 
the  overall  production-consumption  (or  origin-destination)  matrix  was  developed. 
This  required  the  identification  of  the  existing  delivered  cost  of  coal  from  produc- 
ing districts  to  consuming  regions. 

A  similar  method  of  analysis  utilizing  the  delivered  cost  of  coal  was  employed 
in  the  Bureau  of  Mines  publication  IC  8614  (25^)  and  was  consequently  adopted  for  use 
in  this  study.   The  1973  delivered  cost  of  coal  matrix  was  developed  by  using-- 

1.  1973  values  for  cost  of  coal  per  ton  and  Btu  content  of  coal  per  ton. 

2.  Information  on  1973  rail  costing  practices. ^^ 

3.  The  IC  8614  formula  for  cost  of  coal  in  cents  per  million  Btu  (see 
appendix  B). 

4.  An  assemblage  of  the  mileage  differentials  between  the  origin-destination 
pairings  in  question. 

Table  13  represents  an  aggregation  of  mileage  differentials  between  each  indi- 
vidual consuming  sector  and  the  producer  districts. ■'■^   These  distances  are  calcu- 
lated on  a  center  city  of  production  to  a  center  city  of  consumption  basis.   The 
resultant  application  of  all  available  data  to  the  cost  of  coal  function  is  pre- 
sented in  the  delivered  cost  of  coal  matrix,  table  14. 

Projected  Distribution  of  Bituminous  Coal  by  Origin -Destination  (4) 

A  discrimination  method  was  developed  to  derive  the  projected  1985  supply 
matrix  between  districts  of  production  and  States  of  consumption.   This  method  was 
based  on  historical  consumption  patterns  with  least  cost  analysis  introduced  as  a 
refinement. 

The  1973  bituminous  coal  and  lignite  distribution  (56)  was  used  for  historical 
data.   It  lists  consumption  by  State  (destination)  and  the  various  districts  of  sup- 
ply (origins)  for  these  destinations.   This  information  was  used  to  develop  a  pre- 
liminary origin-destination  matrix  for  year  1985  as  follows: 

1.  The  1973  distribution  of  coal  as  presented  in  Bituminous  Coal  and  Lignite 
Distribution,  Calendar  Year  1973,  is  held  constant  for  1985.   This  treatment  is 
justified  because  (1)  the  distribution  data  represent  the  latest  available  source 
and  (2)  historic  trends  and  tendencies  will  be  continued  through  1985. 

2.  The  individual  State's  projected  1985  consumption,  as  developed  previously, 
is  divided  by  its  historic  1973  consumption  to  obtain  a  factor  of  increase  indige- 
nous only  to  that  State. 

3.  Each  producer  district's  contribution  to  the  State's  1973  consumption  is 
multiplied  by  the  factor  of  increase  to  obtain  a  preliminary  1985  supply 
contribution. 

4.  The  process  is  repeated  for  each  of  the  coal  consxaming  States. 

5.  The  export  markets  are  increased  utilizing  the  projected  Bureau  of  Mines 
1985  export  figures.   The  1973  origins  of  supply  to  these  markets  is  held  constant 
through  1985, 


13 

■"■"^No  production  in  district  5. 


Based  on  the  assumption  that  rail  transportation  is  always  available. 
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After  the  preliminary  distribution  has  been  attained,  the  total  coal  ton- 
nage demanded  from  each  district  is  summed.   This  summation  is  then  compared 
with  the  total  possible  district  output  as  presented  in  the  Project  Indepen- 
dence Blueprint  (table  C-1)  for  1985.   State's  demand  in  excess  of  supply  from 
a  particular  district  are  redirected  to  an  alternate  least -cost  source  of 
supply.   This  is  done  for  the  entire  unconstrained  matrix  according  to  a 
least-cost  transportation  algorithm  utilizing  the  delivered  cost  of  coal  as 
previously  developed.   This  method  of  reapportionment  can  be  justified  on  the 
basis  that  a  consumer  paying  a  lower  transportation  cost  will  be  able  to  bid  a 
higher  price  for  disputed  coal."""^   In  cases  where  two  (or  more)  alternate 
sources  of  supply  have  equal  delivered  costs  (a  tie) ,  the  supply  source  having 
the  minimum  transport  distance  is  chosen.   The  unconstrained  origin- 
destination  matrix  along  with  its  discontinuities  in  supply  is  presented  in 
table  15.   The  constrained  origin-destination  matrix  is  given  in  table  16  (see 
appendix  C) . 

Development  and  Comparison  of  Transportation  Cost 
Functions  for  Water  and  Rail  (5) 

With  the  projected  origin-destination  matrix  for  coal  movements  in  1985 
established,  a  method  of  choosing  between  modes  of  delivery  is  necessary. 
Therefore,  a  matrix  describing  the  cost  per  ton  for  the  delivery  of  coal 
between  an  origin-destination  pairing  was  constructed  for  both  water  and  rail. 

The  average  cost  functions  for  transportation  of  coal  by  rail  are  as 
follows: 

For  distances  ^300  miles, 

Y'=  114  +  1.236X  -  0.00081X2. 

For  distances  >300  miles, 

Y  =  193  +  0.396X, 

where  Y  =  cost  in  cents  per  ton,  1973  dollars, 

and    X  =  distance  in  miles. '^^ 

Table  17  represents  the  cost  matrix  expressed  in  cents  per  ton  that  is 
developed  when  distances  between  origin-destination  pairings  are  applied  to 
the  rail  cost  function. 


^4An  average  delivered  cost  is  used  for  States  containing  multiple  consiomption 

centers . 
^^The  analysis  of  the  rail  average  practice  cost  function  in  IC  8614  (25)  was 

updated  by  applying  ICC  expartes  as  an  indication  of  rate  increases.   See 

appendix  B  for  details. 
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Because  of  the  lack  of  published  water  cost  information,  data  compiled 
from  water  carrier  interviews  were  used  to  construct  a  barge  cost  function. 
Figure  8  depicts  the  least  squares  regression  line  through  a  plot  of  actual 
reported  1973  costs  for  coal  transportation  on  the  inland  waterways.   The 
equation-"-^  describing  this  line  is  as  follows: 

Y  =  61.5  +  0.244X 
(23.7)  (0.034) 

where  Y  =  the  cost  of  water  transportation  expressed  in  cents  per  ton, 

and    X  =  the  distance  between  an  origin-destination  pairing. 
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FIGURE  8.  -  Average  1973  cost  function  for  barge  transportation  of  coal. 


■■■^The   standard  errors   of  the  regression  coefficients   are  given  in  parentheses 
below  the  coefficients. 
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The  coefficient  of  determination  (R^ )  value  for  the  cost  function  was 
0.11.      This  indicates  that  77  percent  of  the  variance  in  Y  is  explained  by  the 
regression  of  Y  on  X.   The  F-test,  performed  at  the  95 -percent  confidence 
level  and  1,17  degrees  of  freedom,  gave  a  value  of  50.70.   Therefore,  it  was 
concluded  that  Y  is  a  linear  function  of  X. 

Table  18  displays  the  cost  in  cents  per  ton  of  reaching  a  water  service- 
able destination  city  from  a  coal  producing  district  origin.  This  was  accom- 
plished in  the  following  manner: 

1.  All  water  serviceable  cities  were  identified. 

2.  Producing  districts  were  paired  with  respective  water  terminals  as  a 
result  of  carrier  interview. 

3.  Modes  of  delivery  analogous  to  these  water  terminals  were  identified. 

4.  Distances  were  substituted  into  a  delivery  mode  cost  function  to 
obtain  the  cost  of  delivery  to  the  water  terminal  facilities  (where  appli- 
cable).  In  a  case  of  truck  utilization  as  the  delivery  mode,  a  flat  rate  of 
5  cents  per  ton-mile  was  charged.   Table  19  shows  the  centers  of  supply  and 
their  respective  water  terminals. 

5.  A  matrix  presenting  the  distances  covered  between  the  water  terminals 
and  the  destination  cities  was  developed  and  is  presented  in  table  20.   The 
final  cost  matrix  (table  18)  is  a  sximmation  of  the  delivery  cost  to  the  water 
plus  the  cost  incurred  through  river  transportation.   Comparison  of  the  barge 
and  rail  rate  matrices  yields  the  lowest  cost  method  of  transporting  coal  from 
an  origin  to  a  destination.   The  least  cost  modes  for  the  projected  coal 
supply  configuration  were  thus  identified  and  will  be  used  as  data  for  subse- 
quent analysis. 
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TABLE  19.  -  Coal -producing  districts  and  their  respective 

water  terminal  facilities 


Origin  district 


Mileage  to 
water  terminal 


Mode  of  delivery 


Water  terminal 


1. 

2. 

3. 

4. 

6. 

7. 

8. 

9. 
10, 
11. 
12. 
13. 
14. 
15, 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


122 

196 
36 
40 
74 

115 

76 

79 

399 

25 

542 
914 
1,212 
1,634 
1,140 
1,414 
475 
1,418 
1,767 


Rail 


Rail 

e) 

Truck 

.do 

Rail 

,  do 

Rail 

(M 

.do 

.dn 

Truck 

Rail 

(}) 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

Pittsburgh,  Pa. 

Do. 
Cedar  Grove,  W.  Va. 
Powhatten  Point,  Ohio. 

Do. 
Cedar  Grove,  W.  Va. 
Huntington,  W.  Va. 
Rockport,  Ky. 
Kellogg,  111. 
Yankee town,  Ind. 
Kellogg,  111. 
Birminghamport,  Ala. 
Fort  Smith,  Ark. 
Kellogg,  111.^ 

Do.^ 

Do. 2 

Do. 2 

Do.^ 

Do.= 
St.  Paul,  Minn.^ 
Havana,  111.^ 
St.  Paul,  Minn.^ 


^Private  railroad,  conveyor,  tramway,  etc.,  effecting  a  direct  coal  mine  to 

barge  loading  system. 
^Estimates  based  on  existing  or  planned  facilities  and/or  current  practices. 
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Analysis  of  Great  Lakes,  Truck,  Conveyor,  Pipeline,  and  Tidewater 

Modes  of  Transportation  (6) 

Great  Lakes,  truck,  conveyor,  pipeline,  and  tidewater  methods  of  coal 
transportation  were  excluded  from  the  cost  analysis  portion  of  this  study 
because  of  the  lack  of  data  and  the  minor  transport  share  of  these  modes.   The 
modal  shares  for  these  methods  of  coal  transportation  are  treated  as  follows: 

1.  Tonnage  projections  for  1985  were  taken  to  be  the  same  percentage 
contribution  by  mode  in  a  particular  origin-destination  pairing  as  they  were 
in  1973.   That  is,  a  truck  contribution  of  10  percent  between  a  particular 
origin-destination  in  1973  (according  to  the  Bituminous  Coal  and  Lignite 
Distribution  (56))  would  be  held  constant  to  1985.   The  same  was  done  for 
other  modes  under  consideration  in  this  section. 

2.  Conveyor  operations  were  included  with  truck  in  all  cases  except 
Oregon  where  a  major  portion  of  coal  consumption  is  delivered  by  one  conveyor. 
In  this  case,  conveyor  capacity  was  used  in  calculating  the  contribution 
percentage. 

3.  Pipelines  were  not  developed  as  a  viable  mode  of  transportation  to  be 
realized  in  1985.   The  Black  Mesa  Operation  is  the  only  one  in  existence,  and 
rated  capacity  was  used  to  calculate  its  contribution  to  coal  transportation. 
Litigation  as  to  the  various  rights  involved  in  pipeline  construction  should 
continue  to  retard  future  slurry  transportation  proposals.   Table  21  portrays 
the  contribution  by  mode  to  the  total  amount  of  coal  moved  between  an  origin 
district  and  a  destination  State  in  1973. 

Estimation  of  Modal  Shares  Assuming  No  Constraints  (7) 

The  unconstrained  modal  share  analysis  is  an  estimation  of  the  tonnage 
traveling  by  mode  between  an  origin-destination  pairing.   In  this  analysis  the 
available  tonnage  was  projected  to  flow  between  a  specific  origin-destination 
by  the  least  cost  mode  of  delivery. 

The  unconstrained  estimation  of  the  modal  shares  comprising  an  origin- 
destination  movement  was  accomplished  in  the  following  manner: 

1.  Modal  proportion  constants,  as  developed  in  the  previous  section,  are 
utilized,  where  applicable,  to  delineate  the  amount  of  projected  tonnage 
available  to  rail  and/or  water  transportation. 

2.  The  lowest  cost  mode--water  or  rail--for  a  particular  origin- 
destination  combination,  as  presented  in  the  modal  cost  analysis,  wins  the 
entire  available  tonnage.   This  modal  discrimination  is  justified  because 
(1)  it  is  theoretically  possible  in  a  constraint -free  universe  and  (2)  no 
known  practical  way  to  differentiate  demand  for  mode  exists. 

The  unconstrained  modal  distribution  for  the  entire  origin-destination 
198«5  tonnage  matrix  is  presented  in  appendix  G,  table  G-1. 


36 


m 

^   ,^ 

H 

o 

OJ 

1 

.      1 

t 

1 

1 

1 

1 

1      1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

+ 

H 

o 

CM 

o 

OJ 

H 

OJ 

H 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1     t 

1 

1      1 

1 

1 

1 

1 

1 

1 

1 

1 

eg 

vo 

o 

o 

_^ 

o 

1 

1 

1 

1 

1 

1 

1 

•    1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

OJ 

o^ 

o 
o 

CO 

H 

_-r 

CT\ 

1 

1 

1 

1 

1 

1 

r 

1 

1 

1 

1       t 

1 

r 

1 

1 

1 

1 

J 

1 

1 

1 

H 

ON 

O 

o 

3D 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

r 

1 

1 

1 

1 

H 

d 
o 

CO 

t— 

1 

1 

1 

1 

[ 

1 

1 

1 

1 

1 

I 

t 

( 

1 

1 

H 

H 

m 

^JD 

1 

1 

1 

[ 

1 

1 

I 

1 

f 

1       1 

1 

I 

1 

I 

r 

1 

I 

1 

1 

r 

H 

CJN 

\D 

tn 

H 

1 

C3N 

1 

OJ 

J- 

1 

1 

1 

I 

1 

1 

1 

1 

, 

, 

J 

1       1 

, 

1 

1 

t 

1 

r 

1 

1 

r 

1 

1 

1 

1 

,H 

m 

\o 

\D 

4^  on 

1 

1 

f 

1 

1 

t 

1 

1 

1 

1      t 

I 

[     1 

1 

I 

[ 

1 

1 

r 

O    1-1 

\D 

frl 

OJ 

o\ 

u 

+>  — 

'rl 

.y 

fO 

-b  cy 

1 

1 

1 

1 

1 

1 

1 

1 

r 

1 

1       1 

I 

t 

t 

1 

1 

r 

I 

I 

1 

I 

[ 

I 

iH 

>] 

vc 

H 

p  — 

0 

;3 . 

ON 

no 

CO 

o 

CO  H 

1 

1 

I 

1 

1 

I 

I 

[      1 

[ 

I     I 

1 

t 

[ 

r 

I 

1 

t 

1 

1 

r 

H 

^ 

CO 

0\ 

8 

H 

O 

_^ 

^ 

^ 

O 

t— 

o 

t 

1 

1 

1 

r 

1       1 

[ 

t 

1 

1 

1 

r 

( 

1 

1 

1 

1 

[ 

^-^ 

CO 
H 

0\ 

vd 

vo 

V£) 

o 

OJ 

o 

a\ 

I 

r 

I 

I 

1 

1 

CO 

t 

H 

1 

[       [ 

1     1 

1 

r 

r 

r 

I 

r 

[ 

o 
o 

c— 

CO 

-^ 

OJ 

H 

c 

o 

0\ 

o\ 

C\J 

c— 

, 

CO 

' 

li^ 

_:j' 

y^ 

\£ 

,- 

oJ 

[— 

CO 

VO 

CO 

C\J 

0\ 

OJ 

o 

c 

\c 

LA 

\o 

0\ 

( 

I 

1 

1 

1 

1 

1 

t 

I      1 

1 

1     1 

1 

I 

I 

r 

[ 

d 

d 

fv 

H 

\D 

C7\ 

o 

H 

CO 

o\ 

c\ 

VD 

O 

U\   r-\ 

CO 

0\ 

O 

^ 

I 

r 

r 

1 

1 

I 

f 

OJ 

8 

H 

I 

1 

1       1 

1     I 

I 

lA 

d 

I 

I 

C\J 

d 
o 

I 

ON 

o 

A 

H 

O 

H 

C\J 

o 

CO 

1 

1 

1 

1 

1 

1 

1 

' 

lA 

d 

1 

( 

1      { 

I 

' 

OJ 

d 

ON 

m 

o 

H 

\o 

o 

H 

ON 

o 

VJD 

f_ 

\D 

O 

cy 

I 

1 

1 

1 

1 

1 

r 

r 

d 
o 

H 

1 

I 

1 

1       [ 

1 

1    I 

I 

• 

OJ 

r 

I 

1 

O 
H 

r 

I 

d 

o 

H 

0\ 

o  t- 

t- 

o 

CO 

1 

1 

1 

1 

1 

I 

\D 

1 

I 

1 

1 

' 

CO 

\D    r-i 

c— 

d 

OD 

H 

C\J 

o 

H 

CJN 

\ 

<u 

; 

; 

M 

i 

: 

QJ 

0) 

^ 

u 

X 

^ 

•S 

a) 

3 

^ 

M 

0 

CJ 

0] 

c 

.-:i 

c 

CJ 

o 

t>> 

3 

h^ 

QJ 

o 

^J 

X 

EH 

3 

3 

0) 

^ 

■S 

•H 

+j 

o 

u 

u 

X 

> 

EH 

P 

M 

X 

M 

M 

^ 

■P 

tf 

M 

g 

h^ 

M 

e^ 

A 

fi 

nJ 

^ 

QJ 

^ 

o 

o 

^ 

O 

cd 

<ii 

M 

3 

c 

O 

0) 

M 

^H 

3 

e 

^ 

e 

o 

e 

g 

QJ 

u 

6 

3 

I 

EH 

V 

C 

(f 

3 

Em 

^ 

o 

a) 

3 

P 

bO 

^ 

H 

H 

^ 

Eh 

^( 

o 

EH 

a 

(A 

a 

t^ 

oi 

E- 

U 

OJ 

C 

Eh 

I 

Eh 

E-< 

a 

0 

H 
O 

■P 
O 

A 

1 

S: 

c 

•H 

B 

6 

^ 

t 

od 

c 

S3 

^ 

-• 

QJ 

^ 

o 

hO 

c 

o 

E- 

t>i 

-d 

c 

+J 

4ri 

0) 

> 

QJ 

E- 

ft 

^ 

•H 

nj 

x! 

si 

AJ 

§ 

05 

o 

S 

oJ 

••   ^   .- 

U  M  4- 

a 

o 

i<    -t- 

H 

bO 

u 

i 

a) 

o 

i 

t)D 

to 

C 

(d    a    a 

o    o    n 

>> 

c 

c 

> 

c 

C 

cd 

o 

t^ 

o 

c 

7i 

H 

•H 

(1> 

O 

oi 

-d    3    f 

="g  I 

j2 

J= 

i  g  J 

•§ 

QJ 

O 

'3 

u 

^ 

O 

■§ 

■H 

^ 

>i 

^ 

c 

-P 

<A      U    -r- 

■p 

p 

C 

C 

5 

□      j:; 

p 

cd 

cd 

H 

H 

Tl 

^ 

o 

^ 

c 

C 

>  Eh  CL 

Js 

>  ^  c 

Jh 

;m 

■H   EH   C 

H 

c 

c 

rt 

^ 

5 

§ 

^ 

O 

-cJ 

H 

c 

c 

0) 

•H 

■H 

O 

5 

S 

O 

0 

;C 

M 

0) 

i: 

a) 

01 

>= 

CJ 

M 

M 

M 

W 

E 

E 

E 

E 

E 

a 

S 

s 

s 

K 

o 

O 

d. 

t^ 

> 

S 

IS 

:= 

:s 

u 

37 


Estimated  River  Capacity  for  Coal  Transportation  (8) 

The  unconstrained  modal  share  analysis  assumed  a  constraint -free  universe 
in  the  transportation  sectors.   Although  theoretically  possible,  real  world 
occurrences  have  demonstrated  otherwise. 

A  method  of  analysis  was  developed  to  estimate  how  minimum  river  capacity 
affects  the  inland  waterway  transportation  of  coal.   This  method,  which  uses 
projections  for  lock  capacities  and  average  length  of  coal  haulage  by  river, 
proceeds  as  follows: 

1.  Tonnages  projected  to  be  moved  by  the  unconstrained  modal  share  anal- 
ysis are  listed  by  origin-destination.   These  origin-destinations,  in  turn, 
dictate  distances  to  be  covered  on  each  river  system  (table  22). 

2.  A  weighted  (by  annual  tonnage)  mean  and  standard  deviation  for  length 
of  haul  on  each  river  system  is  calculated.   This  is  done  using  the  distance 

1  ton  of  coal  is  projected  to  move  rather  than  on  a  shipment  basis. ^''' 
Table  23  portrays  the  result  of  these  calculations. 

3.  One  standard  deviation  above  and  below  the  mean  is  defined  as  the 
high  and  low  boundary  length  of  haul.   Each  river  system  is  categorized  as  to 
the  possible  increase  in  unconstrained  modal  share  coal  tonnage  over  historic 
coal  tonnage.   If  an  excessive  increase  exists,  the  river  is  put  through  a 
sectionalization  process  using  its  own  inherent  boundary  length  of  haul  for 
coal  traffic.   This  process,  in  combination  with  high  and  low  Corps  of  Engi- 
neers' projections  of  lock  capacities,  assigns  two  capacity  constraints  to 
each  section  of  the  river  in  question  (see  appendix  D) . 

4.  Four  maximum  sectional  capacity  configurations  were  developed  for 
each  river  by  combining  the  high  and  low  boundary  lengths  of  coal  haul  with 
the  high  and  low  estimates  of  sectional  capacity.   They  are-- 

No.  1.  High  section  capacity,  low  boundary  length  of  haul. 

No.  2.  Low  section  capacity,  low  boundary  length  of  haul. 

No.  3.  High  section  capacity,  high  boundary  length  of  haul. 

No.  4.  Low  section  capacity,  high  boundary  length  of  haul. 

Each  configuration  is  referred  to  by  number  later  in  the  text.   The  sectional 
configurations  are  presented  in  decreasing  order  of  potential  river  capacity; 
that  is,  the  transport  capability  for  coal  traffic  on  each  river  decreases  as 
the  sectionalization  pattern  is  changed  from  the  No.  1  through  No.  4  configura- 
tions.  This  is  because  (1)  the  low  boundary  length  of  haul  minimizes  the 
effects  of  restrictive  lock  capacities  and  (2)  the  high  estimate  of  lock 
capacity  allows  greater  tonnage  flow. 

I'^'This  manner  of  estimating  the  average  length  of  haul  destroys  the  possibil- 
ity of  a  normal  distribution  in  shipment  size.   The  use  of  this  method  was 
justified  because  of  the  lack  of  (1)  actual  water  carriage  data  and  (2)  a 
better  known  way  to  estimate  future  shipment  sizes. 
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TABLE  23.  -  Average  length  of  haul  and  total  tonnage  calculations 
for  projected  1985  coal  traffic  on  the  river  systems^ 


River 


Total  coal 
tonnage , 
thousand 

short  tons 


Mean  length 
of  haul, 
miles 


Standard 
deviation 


Alabama 

Arkansas 

Green 

Gulf  Intracoastal  Waterway 

Illinois 

Kanawha 

Lower  Mississippi 

Ohio 

Tennessee 

Upper  Mississippi 

Mississippi  River  System  and  Gulf 
Intracoastal  Waterway 


1,505 

787 

49,585 

6,336 
13,691 
46,824 

5,927 

212,533 

19,595 

8,243 

229,655 


396.0 
270.8 

98.0 
625.4 
225.1 

64.4 
793.1 
202.0 
100.0 
593.2 

304.6 


(2) 
55.3 

(") 

83.1 

43.0 

8.2 

141.9 

119.8 

e) 

241.4 

282.7 


^ Based  on  the  unconstrained  modal  share  matrix. 
^Data  base  prevented  calculation. 

Figure  9  shows  the  results  of  these  calculations  graphically.   The  solid 
bar  depicts  each  river  system  with  the  estimated  annual  sectional  capacities 
listed  on  each  side.   These  capacities,  in  millions  of  tons,  represent  the 
high  and  low  estimates  for  practical  1985  tonnage  flows  through  the  restrict- 
ing lock  in  that  section.   The  length  of  the  sections  is  determined  by  the 
boundary  length  of  haul.   For  example,  the  No.  1  capacity  configuration  (high 
section  capacity,  low  boundary  length  of  haul)  for  the  Ohio  River  is  repre- 
sented by  a  boundary  length  of  haul  of  82  miles  and  annual  sectional  capaci- 
ties in  millions  of  tons  of  103,  99,  83,  69,  etc. 

Constraining  Effects  of  River  Capacities  on  Projected 
Water  and  Rail  Transportation  (9) 

Capacity  constrains  under  various  conditions  have  now  been  established 
for  coal  transportation  on  inland  waterways.   So  that  projected  river  capaci- 
ties will  not  be  exceeded,  it  is  necessary  to  eliminate  or  reduce  coal  flow 
tonnages  to  be  transported  on  the  inland  waterways  between  an  origin- 
destination  pairing. 

This  reduction  in  coal  traffic  on  the  waterways  is  effected  on  an  indi- 
vidual origin -destination  basis.   Initially,  one  of  the  four  possible  capacity 
configurations  is  chosen  to  be  held  constant.   The  river  sections  to  be 
traveled  by  an  origin-destination  routing  are  then  listed,  and  the  tonnage  to 
be  transported  over  them  is  recorded.   This  is  done  repetitively  until  all  the 
origin-destinations  have  been  accounted  for  and  projected  sectional  tonnages 
have  been  summed.   The  projected  sectional  tonnages  are  then  compared  with  the 
sectional  capacity  figures,  and  where  necessary,  a  proportional  reduction  pro- 
cess is  instituted  against  the  origin-destinations  traversing  the  section. 
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OHIO    RIVER 

(High  boundary  length  of  haul  =322  miles) 
High    sectional    capacities  


Mouth 

of 

river 


Low   sectional  capacities 

135  0  135  270 


Scale, miles 

( Low  boundary  length  of  haul  =  82  miles) 
High    sectional    capacities 


Mouth 

of 

river 


103    99      83     69      •      81       64     69     68      58     54     47      25      17 


79   75      62     55      •      60     49      50     48     41       39     34     23       13 
' Low    sectional   capacities 


'^Unlimited    capacity 


GREEN    RIVER 


(Average  length  of  haul  =  98  miles)    — ^ 


High    sectional    capacities 
35 


Mouth 

of 
river 


28 
Low    sectional  capacities 


1  /No  standard  deviation  calculated.   Therefore  High  =  Low  =  Av 

13  0  13  26 


Scale, miles 


FIGURE  9.  -  Projected  1985  sectional  capacity  configurations  for  selected  rivers, 
million  short  tonst 
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KANAWHA        RIVER 
(High   boundary  length  of  haul  =  72   miles) 
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ILLINOIS  RIVER 

(High  boundary  length  of  haul  =  268  miles) 
High    sectional    capacities  


49 


38 


38 


31 


Low    sectional   capacities 

41  0  41  82 


Scale,  nniles 

( Low  boundary  length  of  haul  =  l82  miles) 
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of 

river 
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41 


38 


Low    sectional   capacities 


FIGURE  9.  -  Proiected  1985  sectional  capacity  configurations  for  selected  rivers, 
million  short  tons  (Con,), 
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The  reduction  originates  on  the  tributaries  and  progresses  through  the  main 
river  systems  (see  appendix  E).   The  process  is  then  repeated  for  another 
capacity  configuration. 


Since  four  capacity  configurations  were  developed,  the  reduction  process 
was  generated  four  times.  The  result,  presented  in  table  24,  was  a  range  of 
coal  tonnages  projected  to  move  on  the  river  sections  comprising  the  Missis- 
sippi River  System  and  Gulf  Intracoastal  Waterway.  However,  No.  4  sectional 
capacity  configuration  (low  lock  capacity,  high  boundary  length  of  haul)  has 
been  deemed  unacceptable  due  to  its  proposal  for  a  drop  in  total  coal  traffic 
on  the  inland  waterways  from  current  levels. 

TABLE  24.  -  Coal  tonnage  on  the  Mississippi  and  Gulf  Coast  river 
systems  as  generated  by  the  unconstrained  modal 
share,  the  four  constrained  modal  shares, 
and  1972  actual  shipments-*- 

(Thousand  short  tons) 


River 

Unconstrained 
modal  share 

Constrained  modal  share 

1972 

No.  1 

No.  2 

No.  3 

No.  4 

shipments 

Green  River 

49,585 

46,824 

19,595 

8,243 

5,927 

212,533 

13,691 

787 

6,336 
1,505 

229,655 

34,995 

18,998 

12,840 

6,500 

3,992 

132,949 

12,881 

787 

4,807 
1,505 

149,971 

27,997 

15,998 

10,432 

5,879 

3,280 

104,053 

12,592 

787 

4,251 
1,505 

121,175 

34,995 

18,998 

12,840 

6,500 

4,016 

100,396 

12,881 

787 

4,807 
1,505 

117,518 

27,997 

15,998 

10,432 

5,879 

3,283 

71,817 

12,592 

787 

4,251 
1,505 

2 88, 498 

16.191 

Kanawha  River 

Tennessee  River 

Upper  Mississippi... 
Lower  Mississippi. . . 
Ohio  River 

7,412 
11,965 
12,092 
11,775 
65,089 

Illinois  River 

Arkansas  River 

Gulf  Intracoastal 
Waterway 

6,781 
533 

4,933 

Alabama  rivers. ..... 

Mississippi  and  Gulf 
Coast  river  systems 

6,405 
110,731 

^1972  coal  tonnages  taken  from  Waterborne  Commerce  of  the  U'.ited  States-- 

Calendar  Year  1972,  Part  2  (45). 
® Constrained  share  No.  4  effected  a  drop  in  total  water  shipments  and  was, 

consequently,  removed  from  further  calculations. 

The  three  remaining  configurations  for  water  transportation,  when  taken 
on  an  individual  origin-destination  basis,  yield  corresponding  values  for  the 
amount  of  coal  available  to  other  modes  of  transportation.  Upon  removal  of 
the  proportional  values  for  the  constant  methods  of  coal  haulage,  the  coal 
tonnages  required  to  be  carried  by  rail  are  attained.  Appendix  G,  tables  G-2- 
G-4,  display  the  three  viable  (according  to  present-day  operations)  modal 
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shares  of  projected  tonnage  developed  for  each  origin-destir=ition.^  ®   Table  25 
presents  the  aggregate  projected  1985  coal  transport  shares  by  mode  for  both 
the  constrained  and  unconstrained  cases. 


TABLE  25.  -  Projected  1985  coal  transport  shares, 

million  short  tons 


Unconstrained 

Constrained  shares 

Mode 

share 

No. 

1 

No 

.  2 

No.  3 

Tons 

Percent. 

Tons 

Percent 

Tons 

Percent 

Tons 

Percent 

Rail 

894.1 

63.7 

934.8 

68.7 

951.0 

71.0 

965.8 

72.3 

River  and 

ex -river 

229.7 

16.4 

150.0 

11.0 

121.2 

9.1 

117.5 

8.8 

Truck  and 

conveyor 

211.1 

15.0 

207.0 

15.2 

198.2 

14.8 

184.0 

13.8 

Great  Lakes. . . 

53.5 

3.8 

53.5 

3.9 

53.5 

4.0 

53.5 

4.0 

Tidewater 

10.3 

.7 

10.3 

.8 

10.3 

.7 

10.3 

.7 

Slurry 

pipeline 

4.8 

.4 

4.8 

.4 

4.8 

.4 

4.8 

.4 

Total^  .  . . 

1,403.5 

100.0 

1,360.4 

100.0 

1,330.0 

100.0 

1,335.9 

100.0 

^ Total  includes  duplications;  bimodal  shipments  are  included  in  both  the  rail 
and  truck  and  conveyor  modes, 


^ ^Linear  regression  analysis  performed  on  historic  (1962-72)  time  series  data 
for  water  shipments  of  coal  on  the  inland  waterways  yielded  the  following 
function: 

Y  =  77,135  +  2,938X, 
(838)    (329) 

where  Y  =  annual  coal  tonnage  on  the  inland  watervay  (thousand  short 
tons),  1962-72, 


and 


X  =  time, 

coefficient  of  determination  (R^ )  and  F-test  values  were  0.89  and 
80,  respectively  (standard  errors  of  the  regression  coefficients 
are  given  in  parentheses). 


Using  this  function  for  predictive  purposes,  coal  shipments  on  the  inland 
waterways  would  total  147.6  million  tons  in  1985.   This  is  close  to  the 
water  shipments  estimate  of  150  million  tons  in  the  No.  1  constrained 
modal  share. 
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EQUIPMENT  REQUIREMENTS  FOR  PROJECTED  1985  RAIL  AND  BARGE 
COAL  TRANSPORTATION  (10)^^ 

In  a  progressing  technology,  average  operating  practice  today  combines 
the  extremes,  both  the  best  and  least  efficient  practices.   With  time,  today's 
best  becomes  average  (37) . 

Equipment  requirements  for  projected  1985  coal  transportation  necessarily 
depend  upon  the  level  of  operating  efficiency  attainable  by  1985.   If  full 
technological  implementation  is  assumed,  developing  a  best  practice  operation 
level  for  1973  will  give  an  approximation  of  the  average  coal  hauling  practice 
in  1985.   If  full  implementation  is  not  achieved  by  1985,  then  1985  operating 
efficiencies  will  fall  somewhere  between  1973  average  and  best  practices  (1985 
average  practice). 

The  analysis  of  equipment  requirements  that  follows  has  accounted  for 
this  range  of  operating  efficiencies  by  developing  equipment  needs  for  both 
ends  of  the  scale;  that  is,  equipment  estimates  are  presented  for  both  1973 
and  1985  average  practice  levels  of  operation. 

Rail 

Average  1973  Practice 

In  1973,  a  total  of  397,158,000  short  tons  of  coal  was  transported  by  the 
Nation's  railroads  for  an  average  distance  of  300  miles.   The  1973  yearend 
serviceable  hopper  car  stock  for  class  I  railroads  (table  2)  was  335,328  cars 
of  76.57-ton  average  size.  About  63  percent  of  these,  or  211,257  cars,  were 
used  for  hauling  coal.   From  these  statistics,  the  average  1973  hopper  car 
utilization  is  calculated: 

^ ,  .    .;     Total  ton-miles 

Hopper  car  utilxzation  =  „  .  , 7 

^^  Total  cars  used 

^  (397,158,000) (300) 
211,257 

=  0,564  X  10®  ton-miles  per  car  (76.57-ton  size) 

=  0.737  X  10®  ton-miles  per  car  (100-ton  size). 

This  utilization  then  provides  a  basis  for  projecting  maximum  1985  hopper  car 
needs.   No  gains  in  car  use  efficiencies  over  average  1973  practice  are 
assumed  other  than  an  increase  in  hopper  car  average  size  to  100  tons.   The 

^9 Truck,  conveyor.  Great  Lakes,  tidewater,  and  pipeline  methods  of  coal  trans- 
portation have  not  been  considered  in  this  analysis;  truck  and  conveyor 
have  been  excluded  because  of  widespread  size  distribution,  relative  ease 
of  acquisition,  and  distance  uncertainties;  Great  Lakes  and  tidewater, 
because  of  inadequate  data  and  declining  importance;  and  pipeline,  because 
of  an  unsure  future. 
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FIGURE  lOt  -  Projected  coal  hopper  cor  requirements,  1985t 
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four  projections  of  total  ton-miles  for  rail  transportation  in  1985  are 
divided  by  the  car  utilization  factor  to  determine  estimated  1985  hopper  car 
requirements.   These  estimated  requirements  range  from  604,500  cars  for  the 
unconstrained  share  to  642,500  cars  for  the  No.  1  constrained  share. 

Best  1973  Practice 

The  best  practice  was  estimated  from  1973  experience  of  large  efficient 
unit  trains  operating  a  300-day  year  at  20  miles  per  hour.   Therefore,  a  car 
in  unit  train  service  would  be  capable  of  7.2  X  10®  ton -miles  annually.  An 
increase  in  unit  train  share  of  rail  traffic  from  one -fourth  in  1973  to  one- 
half  in  1985  was  estimated.  Multiple  car  loading  would  thus  decline  to  one- 
half  the  rail  traffic  in  1985.   Best  practice  for  multiple  car  loading  was 
estimated  at  one-fourth  the  ton-mile  capacity  of  a  car  used  in  unit  trains  or 
1.8  X  10®  ton -miles  annually. 

The  two  hopper  car  utilization  factors  developed  were  then  applied  to  the 
origin-destination  ton-miles  for  the  one  unconstrained  and  three  constrained 
share  estimated  (tables  13  and  G-1  through  G-4).   The  origin-destinations  gen- 
erating the  largest  amount  of  ton-miles  were  summed  to  represent  unit  train 
operations;  the  break  in  ton-miles  was  selected  so  that  about  one-half  the 
rail  tonnage  is  moved  by  unit  train  (see  appendix  F  for  further  detail). 

Hopper  car  requirements,  using  best  practice  as  developed,  range  from 
125,700  cars  for  the  unconstrained  share  to  141,600  cars  for  No.  1  constrained 
modal  share  (table  26). 

Comparison  of  Average  and  Best  Practice 

Figure  10  shows  how  1973  average  and  best  practices  relate  and  how  they 
apply  to  the  range  of  estimates  of  1985  modal  shares.  At  1973  average  prac- 
tice, zero  implementation  of  best  practice  is  assxraied,  and  each  hopper  car 
(100-ton)  generates  0.74  X  10®  ton-miles.   The  amount  of  equipment  required 
for  operation  at  1973  average  practice  (zero  implementation)  is  approximately 
five  times  the  amount  needed  for  operation  at  100  percent  implementation  of 
best  practice. 
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Water 

Average  1973  Practice 

In  1973,  104,679,000  short  tons  of  coal  were  transported  on  the  inland 
wateivays  for  an  average  distance  of  350  miles.   The  1973  stock  of  dry  cargo 
barges  was  14,904  with  an  average  size  of  1,160  tons.  About  25  percent  or 
3,730  barges  were  used  for  hauling  coal.   From  these  statistics,  average  1973 
barge  utilization  was  calculated: 

Average  practice  barge  utilization  =  Total  ton-miles 

Total  barges  used 

^  (104,679,000) (350) 
3,730 

=  9.82  X  10^  ton -miles  per  barge  (1,140 -ton) 

=  12.09  X  10^  ton-miles  per  barge  (1,400-ton). 

This  1973  barge  utilization  is  then  used  as  a  basis  for  projecting  maximum 
1985  barge  needs.   The  four  projections  of  total  barge  ton-miles  in  1985  are 
divided  by  the  1973  average  barge  utilization  to  determine  estimated  1985  coal 
barge  requirements.   These  estimates  range  from  3,100  for  the  No.  3  con- 
strained share  to  5,940  barges  for  the  unconstrained  share. 

Best  1973  Practice 

The  best  practice  operational  standards  for  water  transportation  equip- 
ment in  1973  were  estimated  by  establishing  the  maximum  tow  sizes,  speeds,  and 
barge  sizes  attainable  on  the  major  coal  hauling  river  systems  of  the  Inland 
Waterways.   Utilizing  these  factors  as  they  applied  to  individual  origin- 
destinations,  an  estimate  of  the  annual  ton-miles  generated  by  each  tow  was 
made.   Dividing  total  ton-miles  of  coal  traffic  projected  to  .flow  between  an 
origin-destination  by  the  value  for  ton-miles  per  tow  yielded  the  number  of 
full  size  tows  required  for  that  service.   Barge  and  towboat  requirements  were 
then  based  on  the  number  of  tows  needed.   For  further  details,  see  appendix  F. 
The  estimates  of  barges  required  to  accommodate  all  water -serviceable  origin- 
destinations  ranged  from2,000in  the  No.  3  constrained  share  to  3,850  in  the 
unconstrained  share  (table  26). 

Because  the  amount  of  equipigent  required  for  the  water  transportation  of 
coal  had  to  be  estimated  on  an  individual  origin-destination  basis,  a  ton-mile 
figure  applicable  to  all  geographical  regions  of  service  could  not  be  devel- 
oped.  However,  the  weighted  average  for  service  to  these  regions  was  calcu- 
lated to  be  21  X  10®  ton-miles  per  barge. 

Comparison  of  Average  and  Best  Practice 

Figure  11  illustrates  the  relationship  between  ton -miles  achieved  per 
barge  (efficiency)  and  the  number  of  barges  required.   At  100 -percent 
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FIGURE  11.  -  Projected  coal  barge  requirements,  1985. 
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implementation  of  1973  best  practice,  each  barge  achieves  21  X  10^  ton-miles 
per  year.  At  zero-percent  implementation  of  best  practice' (1973  average 
practice),  the  efficiency  level  is  12.1  X  10^  ton-miles  per  barge.   The  amount 
of  equipment  required  at  zero-percent  implementation  of  best  practice  is 
roughly  1-1/2  times  the  amount  required  at  100-percent  implementation. 

Analysis  Implications 

The  transportation  equipment  needs  are  a  function  of  the  level  of  imple- 
mentation of  best  practice.   At  100-percent  implementation,  no  expansion  of 
1973  equipment  stocks  would  be  required  in  1985. 

To  achieve  complete  implementation  of  1973  best  practice  by  1985,  the 
efficiency  of  equipment  use  must  increase  fivefold  for  rail  and  1-1/2  times 
for  water.   That  is,  the  compounded  annual  growth  rate  of  use  efficiency  as 
expressed  in  annual  ton-miles  per  hopper  car  (or  barge)  required  for  complete 
implementation  is  about  14  percent  for  rail  and  3.5  percent  for  water. 

However,  the  recent  trends  in  equipment  use  (as  expressed  by  annual  ton- 
miles  per  equipment)  suggest  that  these  growth  rates  may  be  unlikely.  Use  of 
hopper  cars  between  1964  and  1973  improved  only  17  percent --an  annual  growth 
rate  of  about  1.6  percent.   Barge  utilization  did  not  improve  significantly  in 
the  same  period.   A  20-  to  30-percent  implementation  of  best  practice,  though 
optimistic,  may  be  possible  in  1985. 

COLLATERAL  FACTORS 

Collateral  factors  may  affect  the  efficient  expansion  of  the  coal  trans- 
portation industries.   Factors  most  evident  are  (1)  coal  conversion  processes, 
usually  located  at  the  mine  mouth,  thus  eliminating  the  need  for  bulk  trans- 
portation; (2)  slurry  pipelines,  an  alternative  mode  for  high -volume  needs,  in 
competition  with  large  unit  trains;  (3)  air  quality  standards,  which  determine 
environmentally  acceptable  coal  reserves --a  change  in  standards  thus  influ- 
ences established  origin-destinations;  (4)  mine  size  distribution  limits  the 
most  efficient  transportation  systems,  small  isolated  mining  operations  are 
less  efficient  to  serve;  (5)  regulation  by  government  may  limit  rapid,  effi- 
cient expansion  of  coal  transportation;  (6)  a  lag  in  capital  investment  in  the 
transportation  industries  may  limit  timely  expansion;  and  (7)  the  uncertain 
futures  for  coal  production. 

Coal  Conversion  Processes 

As  technology  advances  and  energy  supplies  change,  the  emergence  of  the 
multiple  coal  conversion  processes  (gasification,  liquefaction,  etc.)  intro- 
duces a  new  factor  to  the  derivation  of  future  transportation  matrices  and 
consequent  modal  shares.   Location,  size,  and  method  of  production  of  these 
facilities  all  serve  to  delineate  not  only  the  delivery  mode  for  raw  coal, 
but  also  the  method  for  end  production  distribution.   The  development  of  this 
new  consumption  sector  was  considered  in  the  base  publication  for  regional 
consumption  (55) ;  however,  the  extent  of  process  application  is  unknown. 
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Slurry  Pipelines 

Slurry  pipelines  were  eradicated  from  the  coal  transportation  picture  in 
1985.   Yet,  the  existence  of  the  Black  Mesa  pipeline  between  Arizona  and 
Nevada  is  in  direct  contrast  to  this  assumption.   The  same  factors  that  led  to 
the  development  of  the  Black  Mesa  venture --namely,  a  massive  area  of  produc- 
tion coupled  with  a  cluster  of  large  volume  consumers --can  and  do  exist 
throughout  the  country.   However,  legislative  actions  concerning  riparian 
rights  and  applications  of  eminent  domain  render  predictions  for  the  realiza- 
tion time  of  slurry  pipelines  impossible. 

Air  Quality  Standards 

The  consumption  and  delivered  cost  of  coal  matrices  depend  upon  the  loca- 
tion of  the  sources  of  supply.   Imposing  air  quality  standards  upon  the  con- 
suming sectors  of  coal  not  only  dampens  overall  consumption,  but  also  diverts 
centers  of  production  to  regions  containing  reserves  of  environmentally  accept- 
able coal.   The  net  effect  is  a  distortion  of  the  coal  transportation  network 
away  from  historic  norms.   Again,  the  publication  (55)  providing  the  base  for 
the  consumption  projections  accounted  for  the  existence  of  these  standards. 
However,  the  consequences  of  a  change  in  policy  can  readily  be  seen. 

Mine  Size  Distribution 

Maximum  efficiency  in  equipment  utilization  (best  practice)  was  used 
throughout  the  study.   Achieving  the  best  practice  usually  results  directly 
from  the  economies  of  scale  realized  in  various  forms  of  coal  transportation. 
For  example,  operation  of  unit  trains  necessitates  both  a  large  source  of 
supply  and  a  high -volume  consumer.   To  fully  develop  the  low-cost,  high- 
tonnage  forms  of  coal  transportation,  the  trend  must  continue  toward  large 
production  mines  in  the  range  from  1  to  3  million  tons  per  year.   Retarding 
this  shift  will  restrict  efficient  transportation  practices  and  force  result- 
ant equipment  needs  to  rise. 

Regulation 

Unwise  regulatory  practices  since  1887  have  decreased  productivity  in 
both  rail  and,  to  a  lesser  extent,  truck  transportation. ^°   Reevaluation  of 
policy  and  attitudes  towards  the  transportation  of  bulk  commodities  with 
regard  to  these  modes  could  lead  to  a  restructuring  of  future  cost  functions. 
This  restructuring  would  cause  an  overall  shift  in  the  modal  share  components 
of  the  coal  transportation  industry  and  a  change  in  resultant  equipment 
demands . 

Capital  Investment 

Projections  for  the  amount  of  equipment  required  to  transport  1.2  billion 
tons  of  coal  in  1985  assumed  the  extreme  willingness  and/or  ability  of  the 

^°Water  transportation  is  not  included  since  a  majority  of  coal  is  hauled 
under  exempt,  for -hire  status. 
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coal  transportation  firms  to  timely  expand  their  physical  plant.  Actually 
inflation,  unfavorable  investment  climates,  and  the  financial  conditions  of 
the  carriers  involved  may  promote  a  conservative  approach  to  commitment  of 
funds  for  expansion  of  coal  carrying  capacity.   This,  in  turn,  would  only 
amplify  present  inefficiencies  in  areas  of  coal  transportation  and,  conse- 
quently, increase  the  amount  of  equipment  required. 

Uncertain  Futures  for  Coal  Production 

The  uncertain  futures  for  domestic  coal  production  may  limit  transporta- 
tion expansion.   This  is  because  production  must  necessarily  lead  the  trans- 
portation industry.   A  long-term  national  policy  for  energy  is  needed  to 
outline  coal's  future  role.  Without  this  policy,  coal  transportation  may  be 
serving  an  unsure  market. 

SUMMARY 

Six  basic  modes  of  transportation  are  used  for  hauling  coal  in  the  United 
States.   Of  the  nearly  600  million  tons  of  coal  shipped  in  1973,  all-rail 
movements  accounted  for  49  percent;  river  and  ex -river,  18  percent;  truck,  12 
percent;  conveyor,  8  percent;  Great  Lakes,  7  percent;  and  tidewater,  1  percent 
(unreported  movements,  5  percent). 

Historically,  approximately  63  percent  of  the  serviceable  open-top  hopper 
cars  and  25  percent  of  the  dry  bulk  cargo  barges  have  been  utilized  for  the 
transportation  of  coal  by  rail  and  water.  For  1973,  these  figures  represent 
roughly  234,730  hopper  cars  (76.57  tons  per  car)  and  3,500  barges  (1,140  tons 
per  barge) . 

Determining  the  amount  of  equipment  needed  to  transport  coal  in  1985 
requires  projection  of  the  coal  flow  (origin -destination)  matrix.   The  deliv- 
ered cost  of  coal  and  historic  distributions  were  used  to  predict  this  matrix. 

Modal  shares  for  1985  were  estimated  to  continue  at  1973  levels  for  truck 
and  conveyor.  Great  Lakes,  and  tidewater.  At  1.2  billion  tons,  the  uncon- 
strained shares  predicted  for  truck  and  conveyor,  Great  Lakes,  and  tidewater 
were  211.1,  53.5,  10.3  million  tons,  respectively. 

Sectional  river  capacities  were  estimated  by  using  projected  lock  capac- 
ities and  average  sectional  length  of  haul.  Each  river  section  capacity 
(section  length  determined  by  average  length  of  haul,  ±  one  standard  deviation) 
was  constrained  by  the  smallest  capacity  lock  in  that  section. 

The  remaining  modal  shares --rail  and  barge  movements  on  the  inland  water- 
ways--were  projected  based  on  (1)  combinations  of  historic  shares  and  least 
cost  for  the  unconstrained  share,  and  (2)  constrained  river  capacities  for  the 
three  constrained  shares.  Projected  rail  movements  ranged  from  894  million 
tons  for  the  unconstrained  share  to  945  million  tons  for  constrained  modal 
share  No.  3.   Section  river  capacities  constrained  the  projected  maximum  1985 
river  movements  (estimated  at  229,655,000  tons  in  the  unconstrained  share) 
from  80  to  112  million  tons  (constrained  shares  No.  1  through  No.  3). 
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Equipment  estimates  were  made  for  1985  rail  and  water  transportation 
based  on  average  and  best  1973  practice.   Average  practice  assumes  continuing 
1973  average  technology  and  equipment  utilization:   For  rail,  hopper  car 
utilization  would  be  0.74  X  10^  annual  ton-miles  per  100-ton  hopper  car, 
requiring  604,500  to  674,000  cars;  for  water,  barge  utilization  would  be 
12.1  X  10^  annual  ton-miles  per  1,400-ton  barge,  requiring  3,100  to  5,940 
barges. 

Best  practice  assumes  that  1973  best  technology  will  be  1985  average. 
For  rail,  hopper  car  utilization  would  be  3.43  X  10^  ton-miles  per  100-ton  car 
(assuming  50  percent  unit  trains),  requiring  125,700  to  141,600  cars;  for 
water,  use  of  barges  would  become  21.0  X  10®  ton-miles  per  1,400-ton  barge, 
requiring  1,750  to  3,450  barges. 

Average  and  best  practice  equipment  estimates  were  compared.   For  rail, 
average  practice  would  require  four  times  more  hopper  cars;  barge  requirement 
would  fall  by  one-third  if  best  practice  was  completely  implemented.   Complete 
implementation  of  1973  best  practice  by  1985  is  unlikely. 

Collateral  factors  possibly  affecting  estimates  of  transportation  equip- 
ment are  (1)  development  and  implementation  of  coal  conversion  processes, 
(2)  coal  slurry  pipeline  developments,  (3)  air  quality  standards,  (4)  mine 
size  distribution,  (5)  transportation  regulation,  (6)  the  availability  of 
capital,  and  (7)  uncertain  futures  for  coal  production. 
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APPENDIX  A. --METHODOLOGY  FOR  TABLE  12 

The  equations  used  for  developing  regional  consumption  are  as  follows: 

EC  00,^,3 

PCiges  =  (EC  +  IC  +  RCC)F  +  U,C  ^  F  +  0,335  Cu.s.C.g^g  » 

where  PC^ggg  =  1985  projected  State  consumption. 

EC     =  State  electric  utility  coal  consumption  projected  to  1980 
(55,  table  5). 

IC     =  State  industrial  coal  consumption  projected  to  1980 
(55,  table  8). 

RCC     =  State  residential/commercial  coal  consumption  projected  to 
1980  (55,  table  11). 

UpC     =  Unidentified  regional  consumption  for  electric  utilities  in 
1980  (55,  table  5). 

EpC     =  Known  regional  consumption  for  electric  utilities  in  1980 
(55,  table  5). 

1,200,000,000  -  C^ggB  -  1985  exports 
F     =  Factor  of  increase  =  670,837,000  ' 

^1986  ^  Projected  coking  coal  consumption  in  1985  =  75,000,000  tons. 
CC, 3^3  =  State  coking  coal  consumption  in  1973  (56) . 
Cu.s.C]^g.^3  =  Domestic  coking  coal  consiimption  in  1973  (56) . 
Export  markets  were  handled  in  the  following  manner: 

EM,9.,3 

■^'^1973 

where  EM^ggg  =  Projected  coal  exported  to  a  particular  market  in  1985. 

EMjg^3  =  Actual  coal  shipped  to  that  market  in  1973  (56) . 

ECjg7  3  "  Total  coal  exported  in  1973  (56). 

EC^ggg  =  Total  projected  export  coal  in  1985  =  112,000,000  short  tons, 

The  aggregation  of  domestic  and  export  markets  forms  the  regional  con- 
sumption pattern. 
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APPENDIX  B. --METHODOLOGY  FOR  TABLE  14 

The  equations  utilized  in  the  delivered  cost  of  coal  matrix  are  as 
follows: 

Rail  transportation  cost  (^300  miles)  =  114  +  1.236X  -  O.OOOSIX^. 

Rail  transportation  cost  (>300  miles)  =  193  +  0.396X. 

Cost  of  coal  at  consumption  point  (cents  per  million  Btu) 

Cost  of  coal  per  ton   Rail  transportation  cost 
Btu  content  per  ton      Btu  content  per  ton 

The  costs  were  derived  by-- 

1.  Discerning  the  price  per  ton  and  Btu  content  per  pound  for  each  pro- 
ducer district  (table  B-1).   The  Bureau  of  Mines,  Division  of  Fossil  Fuels, 
made  available  the  1973  data  regarding  these  subjects  (table  B-2). 

2.  Updating  the  average  practice  rail  cost  functions  presented  in 

IC  8614.   This  was  accomplished  by  applying  rail  rate  exparte  information  to 
the  data  base  developed  in  that  study.   The  preceding  functions  reflect  a 
10-percent  increase  over  the  1971  cost  formulas. 

3.  Applying  distances  from  production  to  consumption  points  as  estimated 
in  the  Rand  McNally  Railroad  Guide  (35). 
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TABLE  B-2.  -  Btu  content  and  value  at  bituminous  coal 
and  lignite  mines  in  the  United  States, 
by  district 


District 


Average  Btu  per  pound 
of  coal  (dry)-*^ 


Average  value 
per  ton,  1973' 


1  Eastern  Pennsylvania , 

2  Western  Pennsylvania , 

3  Northern  West  Virginia , 

4  Ohio 

5  Michigan , 

6  Panhandle , 

7  Southern  Numbered  1 , 

8  Southern  Numbered  2 

9  West  Kentucky , 

10  Illinois , 

11  Indiana , 

12  Iowa , 

13  Southeastern , 

14  Arkansas  -Oklahoma , 

15  Southwestern , 

16  Northern  Colorado 

17  Southern  Colorado , 

18  New  Mexico , 

1 9  Wyoming , 

20  Utah , 

21  North  Dakota-South  Dakota , 

22  Montana , 

23  Washington , 

^BuMines  IC  8614  (25). 
BuMines,  Division  of  Fossil  Fuels, 


13,612 
13,336 
13,496 
12,234 

12,762 
14,040 
13,663 
12,285 
11,400 
11,490 

9,900 
13,368 
12,293 
12,615 

9,431 
11,875 
11,749 
10,860 
12,610 

6,837 
10,280 
10,056 


$9.27 

11.42 

9.03 

7.40 

8.86 

15.73 

10.08 

5.93 

6.71 

6.06 

5.46 

10.88 

13.61 

4.41 

5.17 

7.89 

2.83 

4.09 

11.19 

2.07 

2.82 

7.08 


62 


APPENDIX  C. --METHODOLOGY  FOR  TABLES  15-16 

After  the  historic  distribution  was  proportionally  increased  (table  15), 
the  following  process  was  instituted: 

1.  Columnar  summation  was  performed  to  establish  the  amount  of  supply 
requested  from  a  producer  district. 

2.  The  supply  requested  from  each  district  was  compared  with  estimates 
of  district  production  capability  in  1985  (table  C-1). 

3.  Districts  were  classified  as  to  their  ability  to  fulfill  the  supply 
requested  in  the  expansion  of  historic  coal  distribution.   Those  having  a 
resultant  oversupply  were  listed  as  the  alternate  sources  of  coal  production. 

4.  Regions  (States)  of  consumption  identified  as  the  major  cause  of 
undersupply  in  the  remaining  districts  were  listed,  and  delivered  costs  to  th€ 
alternate  sources  of  supply  were  assigned. 

5.  A  least-cost  method  of  balancing  regions  of  consumption  with  sources 
of  production  was  conducted  as  outlined  in  the  publication  "Toward  the 
Selection  of  Optimal  Transport  Assignments:   The  Transportation  Algorithm" 
(6).   The  result  is  table  16. 


TABLE  C-1.  -  Estimated  coal  supply,  by  methods  of  mining,  supply 
areas,  and  coal  producing  districts  in  198? 

(Thousand  short  tons ) 
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Coal  supply  areas 
by  districts 


Under- 
ground 


1985 


Surface 


Strip 


Auger 


Total 
surface 


Total 


II. 

7. 

8. 

13. 


13. 
15. 


19. 

21. 
22. 


16. 
17. 
18. 
20. 


18. 
23. 


Northern  Appalachia: 


Eastern  Pennsylvania 

Western  Pennsylvania 

Northern  West  Virginia.... 

Panhandle  West  Virginia. . . 

Total  Districts  3  and  6. 

Ohio 

Michigan 


Total  Northern  Appalachia. 
Percent  of  total 


Southern  Appalachia: 


Southern  Numbered  1. 
Southern  Numbered  2. 
Southeastern 


Total  Southern  Appalachia. 
Percent  of  total 


III.   Midwestern: 


9 .  West  Kentucky 

10.  Illinois 

11.  Indiana 

12.  Iowa.. 

ik.  Arkansas-Oklahoma. 

15-  Southwestern 


Total  Midwestern. 
Percent  of  total. 


IV.  Gnlt: 


Southeastern 

Southwestern 

Total  Gulf 

Percent  of  total. 


Northern  Great  Plains : 


V^oming 

North-Sputh  Dakota. 
Montana 


Total  Northern  Great  Plains 
Percent  of  total 


VI.   Rocky  Mountain: 


Northern  Colorado. 
Southern  Colorado. 

New  Mexico 

Utah 


Total  Rocky  Mountain. 
Percent  of  total 


VII.   Pacific  Coast; 


New  Mexico 

Washington 

Total  Pacific  Coast. 
Percent  of  total.. J. 


Total  United  States. 
Percent  of  total.... 


30,760 
1*2,860 
39,120 
12,8U0 


51,960 
23,71+0 


33,955 
13,900 
l't,370 
350 


700 
265 

1*15 
10 


3lt,655 

lit, 165 

lit  ,785 

360 


lit  ,720 
53,305 


1+25 
1,010 


15,llt5 
5lt,315 


llt9,320 
55.8 


115,880 
lt3.3 


2,1+00 
0-9 


118,280 
ltl*.2 


lt8,095 

190,595 

15,775 


7,355 
83,575 
29,670 


755 

26,100 

80 


8,110 

109,675 

29.750 


25lt,lt65 
63.3 


120,600 
30.0 


26,935 
M 


11+6,535 
36.7 


28,11*0 

1*2,870 

2,220 

665 

150 


58,01*0 
51*, 1*30 
1*2,755 
1,030 
1,375 
ll*,080 


21*5 


58,285 
5lt,lt30 
lt2,755 
1,030 
1,375 
ll*,080 


7lt,Olt5 
30.0 


171,710 
69.8 


21*5 
0.2 


171,955 
70.0 


1*3,200 


U3,200 


lt3,200 
100.0 


1*3,200 
100.0 


3,1*35 
95 


85,050 
35,095 
52,725 


85,050 
35,095 
52,725 


3,530 
2.0 


172,870 
98.0 


172,870 
98.0 


1,250 
7,31*0 

8,060 


5,160 

22,535 

55 


5,160 

22,535 

55 


16,650 
37.5 


27,750 
62.5 


27,750 
62.5 


185 


20,215 


20,215 


185 
0.3 


20,215 
99.7 


20,215 
99.7 


65,1*15 
57,025 
53,905 
13,200 


67,105 
78,055 


267,600 

100.0 


56,205 
300,270 

1*5,525 


1*02,000 
100.0 


86,1*25 
97,300 
1*1*, 975 
1,695 
1,525 
ll*,080 


21*6,000 
100.0 


1*3,200 


1*3,200 
100.0 


88,1*85 
35,095 
52,820 


176,1*00 
100.0 


1,250 
12,500 
22,535 

8,115 


1*1*, 1*00 
100.0 


20,1*00 


20,1*00 
100.0 


1*98,195 
ltl.5 


672,225 
56.0 


29,580 
2.5 


701,805 
58.5 


1,200,000 
100.0 


Source:  Project  Independence  Blueprint  (16) . 
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APPENDIX  D. --METHODOLOGY  FOR  FIGURE  9 

Sectionalization  and  practical  capacity  estimates  for  selected  rivers 
were  attained  in  the  following  manner: 

1.  Corps  of  Engineers'  estimates  of  practical  capacity  are  assigned  to 
the  locks  of  the  river  in  question.   The  low  and  high  estimates  are  comprised 
of  1980  and  1990  capacity  projections,  respectively  (table  D-1). 

2.  One  standard  deviation  above  the  mean  is  established  as  the  high 
boundary  for  length  of  coal  haul  on  that  river.  One  below  is  established  as 
the  low  boundary. 

3.  The  river  system  is  then  sectionalized  according  to  which  boundary 
(high-low)  is  chosen.   Sectionalization  is  used  because  origin-destination 
points  are  aggregate  areas,  and  actual  river  distances  are  not  accurately 
represented.   The  constricting  (lowest  tonnage)  lock  in  each  section  is 
identified  as  the  capacity  of  that  section.   This  assumes  100  percent  coal 
traffic  and  gives  maximum -minimum  capacity  results. 

4.  The  sectionalization  process  is  repeated  using  different  starting 
points.   This  is  done  to  maximize  the  aggregate  capacity  for  that  river  system 
by  grouping  the  greatest  number  of  restricting  locks  in  each  section. 

5.  Processes  1-4  are  repeated  for  each  boundary  length  of  haul  and  river 
system. 
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TABLE  D-1.  -  Projected  practical  capacities  for  locks  on  the  Ohio, 
Monongahela,  Kanawha,  Green,  and  Illinois  Rivers 


Capacity, 
Million  short  tons 


1980 


1990 


Miles  above 
mouth 


Ohio  River: 

Emsworth 

Dashields , 

Montgomery , 

New  Cumberland. . , 

Pike  Island , 

Hannibal 

Willow  Island. . . , 

Belleville , 

Racine , 

Gallipolis 

Greenup 

Meldahl 

Markland 

McAlpine 

Cannelton 

Newburgh 

Uniontown 

Smithland 

Fifty-two  (52).. 
Fifty-three  (53) 
Mound  City 

Monongahela  River : 

Mon.  2 

Mon .  3 

Mon .  h 

Maxwell 

Mon .  7 

Mon .  8 

Kanawha  River : 

Winfield 

Marmet 

London 

Green  River : 

No.  1 

No.  2 

Illinois  River: 

LaGrange 

Peoria 

Starved  Rock. . . . 

Marseilles 

Dresden  Island. . 
Brandon  Road. . . . 
Lockport 


27 
30 
28 

31 
3li 
35 
39 

^1 
111 

h5 
h8 

50 
h9 
60 
61 
55 
62 

75 
79 
79 

79 


23 

2U 
22 
22 

13 
13 


16 

10 

6 


28 
28 


37.9 
Uo.l 
31.8 
30.8 
33.2 
30.6 
32.0 


33 
3k 
38 
Ul 
hi 
50 
5U 
57 
58 
66 
68 

69 

6k 
81 
83 
69 
83 
99 
99 
103 
103 


25 
25 
23 
23 

17 

17 


19 

13 

9 


35 
35 


i+9.2 

51.9 
1+1.8 
1+1.0 
U2.I 
37.9 
37.5 


97!^ 
967 
9^8 
926 
896 
85I+ 
818 
776 
7U2 
701 
639 
'^kk 
kk8 
373 
259 
20I+ 
13U 
61 
kl 
17 
6 


11 
2k 
k2 
61 
85 
91 


33 
68 
82 


60 
105 


80 
158 
231 
2U5 
271 
286 
291 
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APPENDIX  E. --METHODOLOGY  FOR  CONSTEIAINED  WATER  SHIPMENTS  OF  COAL 

Coal  tonnages  projected  to  move  between  listed  origin-destination  were 
reduced  to  river  section  capacity  in  the  following  manner: 

1.  The  tributaries  are  the  first  to  be  analyzed  and  are  balanced  in  pro- 
gressive sections  from  headwater  to  mouth. ^  ^ 

2.  The  first  section  is  balanced  by  unilaterally  reducing  the  projected 
tonnages  of  the  origin -destinations  traversing  the  section  by  a  constant  per- 
centage. This  percentage  is  dictated  by  the  amount  of  reduction  necessary  to 
reach  rated  capacity. 

3.  The  next  section  dovm  the  river  can  only  be  balanced  by  reducing  the 
amount  of  coal  originating  or  terminating  in  its  section.   (Coal  balanced  on 
section  1  cannot  be  balanced  again  on  section  2.)   This  process  is  repeated 
down  the  river  until  all  sections  have  been  reduced  to  capacity. 

4.  After  coal  traffic  on  all  tributaries  has  been  reduced  to  the  rated 
capacity,  the  main  river  is  balanced  in  the  same  manner  progressing  from  its 
headwater  area  to  its  mouth.   (Coal  traffic  that  has  already  been  reduced  on  a 
tributary  cannot  be  reduced  on  the  main  river.) 

5.  Steps  1-4  are  repeated  for  each  of  the  four  minimiim  sectional  capac- 
ity configurations  of  the  three  river  systems  chosen.   Tables  E-1--E-3  depict 
the  results  of  the  process. 


^Assumption  is  that  once  the  tonnage  is  on  the  river,  it  will  not  be  removed, 
le  redui 
river. 


^The  reduction  of  the  tributary  will  lead  to  a  reduction  of  the  overtaxed  main 


^The  Illinois  River  was  not  analyzed  on  an  individual  basis  since  the  pro- 
jected coal  tonnages  did  not  exceed  projected  sectional  capacity  on  that 
river. 
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TABLE  E-2.  -  Projected  1985  origin-destination  coal  tonnage 

on  the  Kanawha  River 

(Thousand  short  tons) 


Origin -destination 


Projected  sectional  tonnages 


Section  1 


Hi 


Section  2 


igh  capacity  |  Low  capacity  |  High  capacity  |  Low  capacity 


LOW  BOUNDARY  LENGTH  OF  HAUL  =56  MILES 


District  2:  West 

Virginia , 

District  4:  West 

Virginia 

District  6:  West 

Virginia. 

District  7: 

Indiana 

Louisiana 

Mississippi. . . . , 

Ohio 

Pennsylvania. . . , 
District  8:   West 

Virginia , 

Total , 


1,446 

586 

1,220 

4,514 

19 

38 

1,206 

3,222 

6.747 


18,998 


1,446 

586 

1,220 

3,009 

12 

26 

804 

2,148 

6,747 


15,998 


4,514 

19 

38 

1,206 

3,222 


8,999 


3,009 

12 

26 

804 

2,148 


5,999 


HIGH  BOUNDARY  LENGTH  OF  HAUL  =  72  MILES 


District  2:  West 

Virginia 

District  4:  West 

Virginia 

District  6:  West 

Virginia 

District  7: 

Indiana 

Louisiana 

Mississippi 

Ohio , 

Pennsylvania. . . , 
District  8:  West 

Virginia , 

Total 


1,446 

586 

1,220 

4,514 

19 

38 

1,206 

3,222 

6,747 
18,998 


1,446 

586 

1,220 

3,009 

12 

26 

804 

2,148 

6,747 
15,998 


4,514 

19 

38 

1,206 

3,222 


8,999 


3,009 

12 

26 

804 

2,148 


5,999 
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TABLE  E-3.  -  Projected  1985  orlsln-destlnation  coal  tonnage 
on  the  Green  River  (average  length  of 
haul  =  98  miles) 

(Thousand  short  tons) 


Origin -destination 


Projected  sectional  tonnages 
in  section  1 


High  capacity   Low  capacity 


District  9: 

Florida 

Illinois. . . , 

Indiana 

Iowa 

Kentucky. . .  . 
Minnesota. .  . 
Mississippi. 
Missouri. . . . 
Tennessee. . . 
Total 


2,779 

2,223 

1,444 

1,155 

5,524 

4,419 

870 

696 

11,007 

8,806 

481 

385 

538 

431 

312 

250 

12,040 

9,632 

34,995 


27,997 
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APPENDIX  F. --METHODOLOGY  FOR  TABLE  26 

Equipment  requirements  for  water  transportation  of  coal  were  estimated  as 
follows: 

1.  The  rivers  to  be  traveled  between  an  origin -destination  determined 
the  maximum  number  of  barges  per  tow,  size  of  barges  used,  and  average  speeds 
(table  F-1). 

2.  Each  origin-destination  routing  was  assigned  a  round  trip  transit 
time  based  on  the  speeds  attainable  on  the  rivers  comprising  the  route  in 
conjunction  with  a  standard  loading/unloading  time. 

3.  Barge  requirements  between  each  origin-destination  were  estimated  in 
the  following  manner: 

7,200  hours^       Annual  tonnage     >,  .       i.    j: 

r T~r~: — I TT   w  7, V —  ^,   Maximum  number  of 

Round  trip  transit  X  Capacity  per  tow  X  , 

4..    /u    \  /^   \         barges  per  tow 

time  (hours)  (tons)  *   *^ 

=  Number  of  barges  required  per  origin-destination. 

4.  Total  barge  requirements  per  modal  share  were  obtained  by  summing  the 
origin-destinations  comprising  that  share. 

5.  Towboats  were  obtained  by  assigning  one  power  unit  to  each  tow 
required. 

Equipment  requirements  for  rail  transportation  of  coal  were  estimated  as 
follows: 

1.  Individual  ton-miles  for  each  origin-destination  are  summed. 

2.  The  origin-destinations  generating  the  largest  amount  of  ton-miles 
are  summed  to  represent  unit  train  operations.   The  break  in  ton-miles  is 
selected  so  that  about  one-half  the  rail  tonnage  is  moved  by  unit  train. 

3.  The  ton-miles  of  the  remaining  origin-destinations  are  summed  to 
represent  multiple  car  loading.   The  logic  is  that  the  distribution  of  micro 
consumers  and  producers  will  require  some  single  and  multiple  car  operations 
due  to  the  small  scale  of  operations. 

4.  The  best  practice  unit  train  ton-miles  are  calculated  by  assuming-- 

a.  20  miles  per  hour  train  speed  (or  10  miles  per  hour  loaded) , 

b.  7,200-hour  year  (300  days)  estimated  operating  time  in  1  year,  and 


^An  estimation  of  operating  time  realized  in  1  year. 
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c.   100-ton  cars. 

Best  practice  car  ton -miles  =  10  miles  per  hour  X  7,200  hours 

X  100  tons  per  car  =  7.2  X  10^. 

5.  Multiple  car  annual  ton-miles  are  based  on  an  average  loaded  speed  of 
2.5  miles  per  hour. 

Multiple  car  annual  ton-miles  =  2.5  miles"  per  hour  X  7,200  hours  per 

year  X  100  tons  per  car  =  1.8  X  10^. 

TABLE  F-1.  -  Operational  capacities  of  the  major  coal  hauling  waterways^ 


Maximum  numb 

er  of  barges 

per 

tow 

Waterway 

Standard 

barges 

(175  feet 

by  26  feet, 

900  tons) 

Jumbo  barges 
(195  feet 
by  35  feet, 
1,400  tons) 

Average  speeds 
(including  lock 
time) ,  mi/hr 

Alabama  rivers^ 

4 
6 

6.67  downstream 

Arkansas  River 

4.58  upstream 
5.28  downstream 

Green  River 

10 
10 

15 

5 

2 

15 

15 
30 

3.53  upstream 
5.63  downstream 

Gulf  Intracoastal  Waterway: 

West  of  New  Orleans,  La 

East  of  New  Orleans,  La 

Illinois  Waterway 

Kanawha  River. 

4.09  upstream 

^7.92 
=^8.33 
^4.09 
5.70  downstream 

Mississippi  River: 

Minneapolis,  Minn. -St.  Louis, 
Mo 

4.28  upstream 
®4.17 

St.  Louis,  Mo. -Cairo,  111 

8.33  downstream 

Cairo,  ill. -Gulf  of  Mexico 

. 

40 

5. 00  upstream 
8.33  downstream 

Ohio  River 

20 

15 
24 

5. 00  upstream 
^4. 17 

Tennessee  River 

^4.17 

^ Based  on  water  carrier  interviews  and  the  Barge  Mixing  Rule  (60). 
^Includes  Black  Warrior  and  Tombigbee  Rivers. 
Speed  is  average  regardless  of  direction. 


APPENDIX  C— PROJECTED  I985  MODAL  SHARES 
TABLE  G-1.  -  Bituminous  coal  and  lipnite  distribution  for  1^85  according  to  the  unconstrained  modal  share  analysis 

(Thousand  short  tons) 


OriRin  districts 

Consujuer  region  and 
method  of  movement 

1 

2 

3+6 

I4 

7 

8 

9 

10 

11 

12 

13 

n. 

15 

16 

17 

18 

19 

20 

21 

22+23 

Alabama: 

Rail 

Truck 

- 

- 

- 

- 

923 

1,789 

5,020 

2,237 

- 

- 

28,091. 
10,689 

- 

- 

- 

- 

- 

- 

- 

- 

- 

923 

1,789 

5,020 

2,237 

- 

- 

38,783 

- 

- 

- 

- 

- 

- 

_ 

_ 

Arizona;     Rail 

11,936 

2,037 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,936 

- 

2,037 

- 

- 

Arkansas: 

Rail 

Hater 

- 

- 

- 

- 

117 

527 

- 

- 

- 

- 

76 

261. 

7,791. 

- 

- 

- 

- 

. 

Total 

- 

- 

- 

- 

IIT 

527 

- 

- 

- 

- 

76 

2^1. 

7,79^ 

- 

-J 

- 

- 

- 

- 

- 

Colorado : 

Rail 

97 

- 

- 

- 

32 

68 

- 

- 

- 

- 

- 

509 

71.1 

8,712 
2,1.27 

- 

6,233 

- 

2,191 

_ 

Total 

97 

- 

- 

- 

32 

68 

- 

- 

- 

- 

- 

- 

- 

1,250 

11,139 

- 

6,233 

_ 

2,191 

Delaware :     Rail 

798 

21 

285 

636 

1,065 

. 

796 

21 

285 

- 

636 

1,065 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Dist.   of  Columbia:     Rail 

55 

151 

55 

1,053 

Total 

55 

- 

151 

- 

55 

1,053 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

l.,398 

l.,338 

507 

1,01.8 

- 

91.9 

- 

- 

- 

- 

- 

_ 

- 

- 

Water 

_ 

- 

- 

- 

- 

- 

l.,396 

l.;338 

507 

1,01.6 

- 

?1.9 

- 

- 

- 

- 

- 

- 

- 

- 

Georgia:     Rail 

11,591. 

11,1.38 

1,339 

2,763 

2,1.99 

- 

- 

- 

- 

_ 

11,591. 

11,1.38 

1,339 

2,763 

- 

2,1.99 

_ 

_ 

- 

- 

- 

- 

- 

- 

Idaho: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

92 

37 
138 

- 

1.68 

Total 

_ 

- 

- 

_ 

_ 

_ 

_ 

_ 

- 

_ 

- 

_ 

- 

- 

- 

- 

92 

175 

- 

1.88 

Illinois: 

Rail 

- 

- 

32 

- 

9211 

l.,85l. 

2,251. 

1.1., 372 
9,767 

21.6 

51.5 

- 

- 

125 

- 

- 

37 

- 

1,059^ 

11,1.37 

Truck 

Total 

_ 

_ 

32 

_ 

92l< 

l.,8?l. 

2,251. 

51., 139 

791 

- 

- 

125 

- 

- 

37 

- 

- 

- 

1,0?? 

L1,1.3T 

Indiana: 

871 

1,921 

- 

10 

7,0lik 

26,81.3 
5,561 

8,633 

11,1.06 
50 

25,81.1 
10,730 

- 

- 

- 

- 

- 

- 

- 

2,511 

- 

1,218 

3,205 

Water 

Truck 

_ 

Total 

871 

1,921 

- 

10 

7.OI1I1 

12,1.21. 

8,623 

11,1.56 

36,571 

- 

- 

- 

- 

- 

- 

- 

2,511 

- 

1,218 

3,205 

Iowa: 

- 

- 

_ 

122 

28 

1,358 

- 

1.6 

587 

1,108 

- 

- 

313 

- 

35 

- 

3,253 

- 

673 

8,071 

Water 

Truck 

Total 

- 

- 

- 

- 

122 

28 

1,358 

- 

1.^ 

1,6?? 

- 

- 

313 

- 

35 

- 

3,253 

- 

673 

6.071 

19 

616 

10,507 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19 

- 

- 

618 

- 

10,507 

- 

- 

Kentucky: 

Rail 

- 

- 

62 

- 

3l'5 

13,016 
736 

12,139 
17,183 

5,860 

936 

- 

- 

- 

- 

- 

- 

- 

- 

Water 

Truck 

_ 

Total 

- 

- 

■■^2 

- 

3I.5 

13,751. 

29,322 

5,860 

936 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Louisiana: 

- 

- 

- 

- 

29 

137 

- 

- 

20 

69 

2,038 

- 

- 

- 

- 

- 

- 

Water 

- 

Total 

_ 

_ 

- 

- 

29 

137 

_ 

_ 

- 

- 

20 

69 

2,036 

- 

- 

- 

- 

- 

- 

- 

Maryland: 

6,02l4 
1,516 
1,1.146 

151 

1,053 
913 

- 

251 

912 

503 

6,878 

- 

- 

- 

- 

- 

- 

. 

- 

- 

- 

- 

- 

I 

Truck 

- 

Total 

8,988 

151 

1,966 

_ 

1,163 

7,381 

_ 

_ 

_ 

_ 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Massachusetts:     Rail 

29 

50 

21 

13 

. 

. 

. 

_ 

Total 

29 

_ 

50 

_ 

21 

13 

_ 

_ 

- 

_ 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

Michigan: 

Ball 

270 

5,917 
3,198 

l6,88l4 
It,  657 

291 
2,673 

6,953 
12,1.75 

1,152 
1,802 

99 

1,993 

8 
625 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,311 

231 

Total 

- 

270 

9,115 

21, Ski 

2,9a 

19,1.28 

2,951. 

2,092 

— RT 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

2,311 

231 

Minnesota: 

Rail 

- 

- 

85 

32 

1.51 

389 
2,1.09 

751 

3,393 

215 

559 

- 

_ 

_ 

23 

- 

- 

225 

- 

2,936 

8,007 

Water 

Great  Lakes 

- 

Total 

' 

65 

32 

1.51 

2,798 

751 

3,608 

559 

" 

" 

23 

225 

2,936 

8,007 

See  footnotes  at  end  of  table. 


T/UaiJC  r,-i.  -  Dltumln 


coal  and  lignite  distribution  for  19,85  according  to  the_  unconstrained  modal  share  analyalfl — Continued 
(Thousand  short  tons) 


OrlKln  dls 

trlcts 

Consumer  region  and 
method  of  movement 

i 

, 

3t6 

1. 

7 

8 

9 

10 

11 

12 

13 

ll. 

15 

16 

17 

18 

19 

20 

21 

22+23 

MloolBBlppl: 

Rail                 

- 

- 

- 

- 

60 

116 

8li0 

H6 

- 

- 

2,021 

- 

- 

- 

- 

- 

- 

Water 

_ 

Total 

- 

- 

- 

- 

^0 

11^ 

di.o 

M 

- 

- 

2,021 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Mlsaouri : 

- 

- 

- 

_ 

1.01. 

1,31.1 

1.87 

13,1.81. 

81 1. 

- 

- 

lIlO 

- 

5,523 

5,1. 1.1 

- 

26 

- 

6.616 

- 

- 

Water 

Truck 

- 

Total 

- 

- 

- 

- 

l.oi; 

l,3lil 

1.87 

ii.,29e 

- 

- 

1I.O 

- 

10,961. 

- 

26 

- 

6.61I 

- 

- 

- 

Montana: 

Rail 

Truck 

- 

- 

- 

- 

- 

_ 

- 

- 

- 

- 

- 

1,280 

- 

9,1.60 
101 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,280 

- 

- 

9,561 

Nebraska:     Rail 

_ 

. 

. 

. 

. 

. 

. 

. 

19 

. 

. 

61.5 

. 

3,1.61 

. 

7,1.51 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1? 

- 

- 

61.5 

- 

3  Mi. 

- 

- 

7,1.51 

Nevada: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31., 800 

- 

2,312 

- 

'.,993 

Tcxtal 

- 

- 

^ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,800 

- 

2,312 

- 

1,993 

Hew  Hampshire :      Rail 

ll. 

2 

1,730 

10 

18 

Total 

it 

2 

1,730 

10 

16 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

New  Jersey;     Rail 

"671. 

-527 

1. 

"95 

■•31.0 

. 

. 

. 

- 

. 

. 

Total 

Sjl. 

- 

527 

I. 

95 

31.0 

- 

- 

_ 

- 

- 

- 

- 

_ 

- 

_ 

~ 

- 

- 

- 

New  Mexico; 

Truck 

- 

- 

- 

- 

- 

- 

- 

28 

- 

- 

- 

6,799 

11,958 

- 

l.,800 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28 

- 

- 

- 

6,799 

l.,958 

- 

- 

l.,800 

5,669 
1,630 

10 

3,81.0 

ll,10ll 

137 

11.9 

3,317 
213 

- 

- 

- 

- 

- 

- 

- 

- 

- 

102 

- 

Truck 

Great  Lakes 

- 

Total 

7,309 

3j8liO 

It.lOll 

137 

11.9 

3,530 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

102_j 

- 

- 

North  Carolina: 

Rail 

Truck 

- 

- 

39 

- 

931 

l.l|,212 
31 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

Total 

- 

- 

39 

- 

931 

U,2li3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

North  Dakota; 

Rail 

- 

- 

- 

- 

- 

8 

1. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

250 

- 

1,317 
2,266 

- 

Total 

- 

- 

- 

- 

- 

8 

\ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

250 

- 

3,583 

- 

Ohio; 

Rail 

- 

7,935 
l,2lll. 

'•,936 

7 

28, 1.38 

23,811 

63 

^2,1.31 
1,881 

227 

2ll.,592 
36,593 

986 

- 

- 

828 

- 

- 

'- 

3 

- 

- 

- 

- 

: 

: 

Great  Lakes 

_ 

Total 

- 

9,179 

l.,9lt3 

52,315 

l.,539 

52,171 

- 

- 

828 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Oklahonm: 

Rail 

Truck 

- 

2I.9 

633 

- 

- 

- 

- 

107 

219 

6,671 
2,376 

- 

- 

- 

- 

- 

- 

- 

Total 

- 

- 

- 

- 

21.9 

633 

- 

- 

- 

- 

107 

219 

9,01.7 

- 

- 

- 

- 

- 

- 

- 

3 

1. 

99 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 

1. 

- 

99 

Pennsylvania: 

Rail 

Water 

I6,96l4 
23,101 

2lt,096 
9,21'i 

13,821. 

165 
113 

5,028 

10,623 

- 

- 

- 

I 

- 

- 

- 

- 

- 

- 

- 

- 

Truck 

. 

IjO,o65 

33,310 

13,821. 

278 

5,028 

10,623 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

South  Carolina:     Rail 

1 

12,781 

_ 

_ 

. 

Total 

- 

- 

- 

- 

- 

12,781 

- 

~ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

South  Dakota:     Rail 

3 

23 

9 

912 

13,136 

Total 

- 

- 

- 

3 

- 

23 

9 

- 

- 

- 

- 

- 

- 

- 

- 

912 

- 

13,136 

- 

Tennessee: 

Rail 

Water 

Truck 

- 

- 

- 

- 

181. 

11,951 
3,51.8 

18,795 
1.9 

1,1.36 

800 

- 

13 

379 

- 

62 

: 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

iSiJ 

15,1.99 

16, 8U 

1,1.36 

800 

- 

392 

- 

62 

- 

- 

- 

- 

- 

- 

Texas : 

- 

- 

- 

- 

780 

3,1.52 

- 

- 

- 

- 

536 

523 

27,039 

- 

- 

- 

21.  ,81.6 

- 

- 

Water 

" 

780 

3,1.52 

' 

' 

536 

523 

27,039 

21., 81.8 

See  footnotes  at  end  of  table. 


TABLE  G-1.  -  Bituminous  coal  and  lignite  distri'bution  for  1^6^  according  to  the  imconstrained  modal  share  analysis — Continued 

(Thousand  short  tons) 


OriKin  districts 

Consumer  region  and 
method  of  movement 

1 

2 

3+6 

k 

7 

8 

9 

10 

11 

12 

13 

n. 

15 

16 

17 

18 

19 

20 

21 

22*23 

Utah: 

Fall 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,938 

351. 
2,971. 

- 

- 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,938 

3,328 

- 

- 

Virginia: 

Rail 

■Truck 

11 

- 

- 

- 

701 
26 

11,328 
136 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

U 

- 

- 

- 

727 

11,1.A 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Washington: 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

101 

157 

- 

=3,629 

Total 

_ 

_ 

- 

- 

- 

_ 

- 

- 

. 

_ 

_ 

- 

- 

- 

- 

101 

157 

_ 

3,629 

West  Virginia: 

Rail 

I 

li,7l<l 
563 

3,552 
3,999 

12,1.1.7 

_ 

1,922 

705 

l.,737 

- 

,   70 

22,120 
1,81.0 

- 

- 

- 

- 

- 

- 

- 

- 

- 

I 

. 

Total 

_ 

5,301. 

19.998 

2,627 

l.,807 

23,960 

_ 

_ 

_ 

- 

_ 

- 

_ 

- 

_ 

- 

_ 

_ 

_ 

_ 

Wisconsin: 

Rail 

eue 

520 

601 

21.5 

601 
3,870 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,023 

- 

7,986 

11  21.8 

Total 

61.8 

- 

520 

601 

2k5 

l.,1.71 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,023 

- 

7,986 

11,21.8 

Wyoming: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,306 
13,968 

- 

- 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,271. 

- 

- 

- 

Canada: 

Rail 

20 
1,681 

3,027 

12 

7,181. 

27 

1.80 

88 
2,051 

8,365 
106 

11.3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

. 

1,701 

3,027 

7,196 

507 

2,139 

8,1.71 

11.3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Mexico:  Rail 

182 

259 

. 

. 

. 

Total 

_ 

_ 

_ 

_ 

- 

- 

- 

162 

_ 

_ 

_ 

259 

_ 

_ 

_ 

_ 

_ 

- 

- 

- 

Other  export;  Rail 

3,955 

2,1.78 

19,381. 

25,558 

3,955 

" 

2;i.78 

, 

19,381. 

25,558 

" 

_ 

'Adjusted  to  provide  water  service  to  electric  utilities  not  equipped  for  rail  delivery. 

Adjusted  to  provide  rail  service  to  coking  centers  not  reachable  by  water. 

Estimated  pipeline  capacity. 

Tidewater  portion  included  in  rail  values. 
^Actual  conveyor  operation. 


TABLE  G-2.  -  Bltumln 


al  and  It^nlte  dlsirlbulion  Tor  1^6$  according  to  the  llo.    i 


ed  modal  aha 


(Thousand  short  tons) 


nolyalB 


Jrlgin  distric 

ts 

Consumer  region  and 
method  of  movement 

1 

2 

M6 

li 

7 

8 

9 

10 

11 

12 

13 

ll. 

15 

16 

17 

18 

19 

20 

21 

22+23 

Alabaioa: 

Rail 

- 

- 

- 

923 

1,789 

5,020 

2,237 

- 

- 

28,09!' 
10,689 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

- 

- 

.   _ 

- 

923 

1,789 

5,020 

2,237 

- 

- 

38,763 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,936 

2,037 

Total 

_ 

„ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

„ 

- 

_ 

_ 

_ 

_ 

11,936 

_ 

2,037 

- 

_ 

Arkansas : 

Rail 

Water 

- 

- 

- 

- 

117 

527 

- 

- 

- 

- 

78 

26I4 

7,7914 

- 

- 

- 

- 

- 

- 

Total 

_ 

_ 

- 

- 

117 

527 

- 

_ 

_ 

- 

76 

2a 

7,7914 

- 

- 

- 

- 

- 

- 

- 

Colorado; 

Hall 

Truck 

97 

- 

- 

- 

32 

68 

- 

- 

- 

- 

- 

- 

509 
7I4I 

8,712 
2,l4  27 

- 

6,233 

- 

2,191 

_ 
_ 

Total 

97 

- 

- 

- 

32 

ie 

- 

- 

- 

- 

- 

- 

- 

1,250 

11,139 

- 

6,233 

- 

2,191 

- 

Delaware :     Rail 

798 

21 

285 

636 

1,065 

Total 

798 

21 

285 

. 

636 

1,065 

. 

- 

- 

- 

- 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

Dlst.  of  Columbia:      Rail 

55 

151 

55 

1,053 

Total 

55 

_ 

151 

- 

55 

1,053 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Florida: 

Water 

- 

- 

- 

- 

- 

14,398 

1,559 

2,779 

507 

1,0148 

- 

9I49 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

_ 

_ 

- 

- 

- 

l.,396 

14,338 

507 

l,0l4fl 

- 

9I49 

- 

- 

- 

- 

- 

- 

- 

- 

Georgia:      Rail 

11,5914 

11,1438 

1,339 

2,763 

2,l499 

. 

. 

Total 

_ 

_ 

- 

_ 

- 

11,5914 

11>38 

1,339 

2,763 

_ 

2,1499 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Idaho: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

92 

37 

138 

- 

I488 

Total 

- 

_ 

- 

_ 

- 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

92 

175 

- 

I468 

Illinois: 

Rail 

Water 

Truck 

- 

- 

32 

- 

92I4 

14,8514 

810 
1,14  I4I4 

I4 14,372 
9,767 

2I46 
5I45 

- 

- 

125 

- 

37 

- 

1,059 
- 

'11,1437 

- 

- 

32 

- 

92l4 

^851 

2j25l4 

514,139 

7?1 

- 

- 

125 

- 

- 

37 

- 

- 

- 

1,059 

11,1-37 

Indiana: 

Rail 

Water 

Truck 

871 

l,0l<5 
676 

- 

10 

2,530 

"■.Sill 

8,561 
3,863 

3,099 
5,52l4 

ll,l406 
50 

25,8l4l 
10,730 

- 

- 

- 

- 

- 

- 

2,511 

- 

1,218 

3,205 

Total 

871 

1,921 

- 

10 

7,0lili 

12,l42l4 

8,^23 

11,1.5^ 

36,571 

- 

- 

- 

- 

- 

- 

- 

2,511 

- 

1,218 

3,205 

Rail 

- 

_ 

_ 

_ 

122 

28 

I488 
670 

_ 

I46 

587 

1,108 

- 

_ 

313 

. 

35 

_ 

3,253 

- 

673 

8,071 

Truck 

_ 

Total 

- 

- 

- 

- 

122 

'28 

1,356 

- 

\e 

1,695 

- 

- 

313 

- 

35 

- 

3,253 

- 

673 

8,071 

Kansas :     Rail 

19 

618 

10,507 

. 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19 

- 

- 

e;i6 

- 

10,507 

- 

- 

- 

Kentucky: 

Rail 

Water 

Truck 

- 

- 

62 

- 

3I45 

13,018 
736 

1,132 

11,007 
17,183 

5,860 

936 

- 

_ 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

62 

- 

3I.5 

13,7514 

20,322 

5,860 

936 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Louisiana; 

- 

- 

- 

10 
19 

l42 

95 

- 

- 

- 

- 

20 

69 

2,038 

- 

- 

- 

- 

- 

- 

Water 

_ 

Total 

- 

- 

- 

- 

29 

137 

- 

- 

- 

20 

69 

2,038 

- 

- 

- 

- 

- 

- 

- 

Maryland: 

Rail 

6,02l4 
1,510 

1,1)148 

151 

1,053 
913 

- 

251 

912 

503 
6,878 

: 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

Tidewater 

. 

8,988 

151 

1,9(56 

- 

li_l63 

7.381 

- 

- 

- 

- 

~ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Massachusetts:     Rail 

29 

50 

21 

13 

29 

- 

50 

- 

21 

13 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Michigan; 

Rail 

Great  Lakes 

- 

2T0 

5,917 
3,198 

16 ,8814 
14,657 

291 
2,673 

6,953 

12,1475 

1,152 
1,602 

99 

1,993 

8 
625 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,311 

231 

- 

270 

9,115 

21,5l4l 

2,96l4 

19,1428 

2,9514 

2,092 

^33 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,311 

231 

Minnesota: 

Rail 

Water 

Great  Lakes 

- 

2 

85 

32 

I45I 

389 
2,l409 

270 
1481 

3,393 
215 

559 

- 

- 

- 

23 

-_ 

; 

- 

225 

- 

2,938 

8,007 

85 

32 

1451 

2,796 

751 

3,608 

559 

' 

" 

" 

23 

225 

2,938 

8,007 

See  footnotes  at  end  of  table. 


TABLE  G-2.  -  Bitu 


coal  and  lignite  distribution  for  1965  according;  to  the  No.  1  constrained  modal  share  analysis — Continued 
(Thousand  short  tons) 


Ori 

Kin  districts 

Consumer  region  and 
method  of  movement 

1 

2 

3+6 

1. 

7 

8 

9 

10 

11 

12 

13 

ll. 

15 

16 

IT 

18 

19 

20 

21 

22+23 

Mississippi: 

Rail 

Water 

- 

- 

- 

- 

22 

38 

116 

302 
538 

11.6 

- 

- 

2,021 

- 

- 

- 

- 

- 

- 

- 

Total 

- 

- 

- 

- 

60 

116 

61.0 

1I.6 

- 

- 

2,021 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Missouri: 

Rail 

Water 

Truck 

- 

- 

- 

- 

1.01. 

1,31.1 

175 
312 

13,1.81. 
81I. 

- 

- 

lllO 

- 

5,523 

5,1.1.1 

- 

26 

- 

6,616 

- 

- 

-_ 

Total 

- 

- 

- 

- 

kol 

1,31.1 

1.87 

ll.,29B 

- 

- 

ilo 

- 

10,961. 

- 

ii 

_ 

^,^1^ 

- 

- 

- 

Montana: 

Rail 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,260 

- 

- 

9,1.60 
101 

Truck 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,280 

- 

- 

9,561 

Nebraska:     Rail 

_ 

. 

. 

. 

_ 

. 

. 

19 

61.5 

3,1.61 

7,1.51 

Total 

- 

- 

- 

- 

~ 

- 

- 

- 

- 

- 

- 

19 

- 

- 

61.5 

_ 

3,1.61 

_ 

- 

7,1.51 

Nevada: 

Rail 

Truck 

Pipeline.            

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21.  ,800 

- 

2,312 

- 

l.,993 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

i.,eoo 

- 

2,312 

- 

l.,993 

New  Hampshire;     Rail 

It 

. 

2 

1,730 

10 

18 

_ 

ll. 

" 

2 

1,730 

10 

16 

- 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

- 

- 

- 

New  Jersey:     Rail 

SSTli 

^527 

1. 

395 

33I.O 

87". 

- 

527 

1. 

95 

3I4O 

- 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

New  Mexico: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28 

- 

- 

- 

6,799 

l.,958 

- 

- 

l.,800 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28 

- 

- 

- 

6,799 

l.,958 

- 

- 

li,800 

New  York: 

Kail 

5,669 

1,630 

10 

3,81.0 

I.,10l. 

137 

1I.9 

3,317 

213 

- 

- 

- 

- 

- 

-_ 

- 

- 

- 

- 

102 

- 

- 

Great  Lakes 

_ 

Total 

7,309 

3,81.0 

l.,10l. 

137 

1I19 

3,530 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

102 

_ 

_ 

North  Carolina: 

Rail 

- 

- 

39 

- 

931 

1.14,212 
31 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Truck 

_ 

- 

- 

39 

- 

931 

1.1.  ,21.3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Rail 

- 

- 

- 

- 

- 

8 

1. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

250 

- 

1,317 
2,266 

_ 

Total 

- 

- 

- 

- 

- 

8 

\ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

250 

- 

3,563 

Ohio: 

Rail 

Water 

Truck 

Great  Lakes 

- 

I.,3l6 
3,619 
1,21.1. 

l.,936 
7 

28,1.38 

23,811. 

63 

3,333 
1,206 

227 

25,855 
25,330 

986 

- 

- 

828 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

- 

9,179 

l.,9l.3 

52,315 

\539 

52_J,71 

- 

- 

828 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Oklahoma; 

Rail 

- 

2I.9 

633 

- 

- 

- 

- 

107 

219 

6,671 
2,376 

- 

- 

- 

- 

- 

- 

- 

Total 

- 

- 

- 

- 

2I49 

6:33 

- 

- 

- 

- 

107 

219 

9,01.7 

- 

- 

- 

- 

- 

- 

- 

Oregon:     Rail 

. 

. 

. 

. 

3 

1* 

. 

99 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 

1. 

- 

99 

Pennsylvania: 

Rail 

Water 

I6,96l4 
23,101 

13,106 
10,990 
9,211. 

13,821. 

165 

113 

1,806 
3,222 

5,778 
li,8lj5 

- 

- 

_ 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Truck 

- 

Total 

li0,065 

33,310 

13,821. 

278 

5,028 

10,623 

_ 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

South  Carolina:     Rail 

12,781 

_ 

Total 

- 

- 

- 

_ 

- 

12,781 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

South  Dakota:     Rail 

3 

23 

9 

912 

. 

13,136 

. 

Total 

- 

- 

- 

3 

_ 

23 

9 

- 

- 

- 

- 

- 

- 

- 

- 

- 

912 

- 

13,136 

- 

Tennessee: 

_ 

- 

_ 

- 

18 1. 

11,951 
3,51.8 

6,755 

12,01.0 

1.9 

1,1.36 

800 

- 

13 
379 

- 

62 

- 

- 

- 

- 

- 

_ 

Truck 

_ 

Total 

- 

- 

- 

- 

181. 

15,1.99 

l8,81.1i 

1,1.36 

800 

- 

392 

- 

62 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

780 

3,1.52 

- 

- 

- 

- 

536 

523 

27,039 

- 

- 

- 

21.  ,81.8 

- 

- 

Water 

. 

Total 

" 

" 

" 

" 

780 

3,1.52 

" 

" 

' 

" 

536 

523 

27,039 

" 

21.  ,81.8 

See  footnotes  at  end  of  table. 


TABLE  G-2.   -  Bituminous  coal  and  lignite  dlatrtbutlpn  for  1^8$  according  to  the  Ho.   1  constrained  modal  share  analyBls—Contlnued 

(Thousand   short  tons) 


OrlRln  districts 

Consumer  region  and 
method  of  movement 

1 

2 

3*6 

1. 

7 

8 

9 

10 

n 

12 

13 

ll. 

^5 

16 

17 

18 

19 

20 

21 

22*23 

Utah: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,938 

351. 
2,971. 

- 

Total 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

i,r'fi 

3,328 

_ 

_ 

Virginia: 

11 

- 

- 

- 

701 
26 

11,328 
136 

- 

- 

'_ 

- 

- 

- 

- 

- 

' — 1 

- 

- 

- 

_ 

Total 

11 

- 

- 

- 

727 

11,1.61. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Washington: 

Rail 

- 

- 

- 

" 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

101 

157 

- 

Truck 

"3,629 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

101 

157 

- 

3.629 

West  Virginia: 

Rail 

- 

3,S95 

I,l4ll6 

563 

6,331 
1,220 

12, 14 117 

1,336 
586 

705 

l.,737 
70 

15,373 
6,71.7 
1,81.0 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Water 

_ 

Truck 

_ 

Total 

- 

5,30l4 

19,998 

2,627 

1.  ,807 

23,960 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Wisconsin: 

Rail 

Great  Lakes 

61i6 

- 

520 

601 

21.5 

601 
3,870 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,023 

- 

7,986 

11.2148 

Total 

A8 

- 

520 

601 

21.5 

l.,l7i 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,023 

- 

7,96<; 

n.2l5 

Wyoming: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,306 

13,968 

- 

- 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,271. 

- 

- 

- 

Canada: 

Rail 

Great  Lakes 

20 
1,681 

3,027 

12 
7,181< 

27 
1.80 

88 
2,051 

8,365 

106 

1I.3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

1,701 

3,027 

7,196 

507 

2,139 

8,1.71 

1I.3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Mexico:     Rail 

182 

259 

- 

- 

- 

- 

- 

18? 

- 

- 

- 

259 

- 

- 

- 

- 

- 

- 

- 

- 

3,955 

3,1.78 

19,381. 

25,558 

Total 

3,955 

2.li76 

19,361. 

25,558 

Adjusted  to  provide  water  service  to  electric  utilities  not  equipped  for  rail  delivery. 

Estimated  pipeline  capacity. 

Tidewater  portion  Included  in  rail  values. 

Actual  conveyor  operations . 


TABLE  G-3.    -  Bituminous  coal   and  lignite  distributi 


cordinp:  to  the  No.    2  constrained  modal   share  einalysi 


[Thousand  short  tons) 


OriRin  distric 

ts 

Consumer  region  and 
method  of  movement 

1 

2 

3+6 

1. 

7 

8 

9 

10 

11 

12 

13 

ll. 

15 

16 

17 

18 

19 

20 

21 

22+23 

Alabama; 

Rail 

- 

- 

- 

923 

1,789 

5,020 

2,237 

- 

- 

28,091. 
10,689 

- 

- 

- 

- 

- 

- 

- 

- 

- 

923 

1,789 

5,020 

2,237 

- 

- 

38,783 

- 

- 

- 

- 

- 

- 

- 

- 

Arizona:  Rail 

U,936 

2,037 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,936 

- 

2,037 

- 

- 

Arkansas : 

Rail 

Water 

- 

- 

- 

- 

117 

527 

- 

- 

- 

- 

78 

261. 

7,791. 

- 

- 

- 

- 

- 

- 

- 

Total 

- 

- 

- 

- 

117 

527 

- 

- 

- 

- 

76 

26I. 

7,79^ 

- 

- 

- 

- 

- 

- 

- 

Colorado: 

Sail 

Truck 

97 

- 

- 

- 

32 

68 

- 

- 

- 

- 

- 

509 
71.1 

8,712 
2,1.27 

- 

6,233 

- 

2,191 

. 

Total 

97 

- 

- 

- 

32 

68 

- 

- 

- 

- 

- 

- 

- 

1,250 

11,139 

- 

6,233 

- 

2,191 

- 

Delaware :  Rail 

798 

21 

285 

636 

1,065 

Total 

798 

21 

285 

- 

636 

lj065 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Dist.  of  Columbia:  Rail. 

55 

. 

151 

_ 

55 

1,053 

. 

. 

Total 

55 

- 

151 

- 

55 

1,053 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

_ 

_ 

Florida: 

- 

- 

- 

- 

- 

l.,398 

2,115 
2,223 

507 

1,01.8 

- 

91.9 

- 

- 

- 

- 

- 

- 

- 

- 

Water 

_ 

Total 

- 

- 

- 

- 

- 

'.,398 

l.,338 

507 

1,01.8 

- 

9I19 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Georgia:  Rail 

11,591. 

11,1.38 

1,339 

2,763 

2,1.99 

Total 

- 

- 

- 

- 

- 

11,591. 

li;i.38 

1,339 

2,763 

- 

2,1.99 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Idaho: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

92 

37 
138 

- 

1.88 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

92 

175 

- 

1.88 

Illinois : 

Rail 

Water 

- 

- 

32 

- 

921. 

•.,851. 

1,099 
1,155 

l''.,372 
9,767 

21.6 
51.5 

- 

- 

125 

- 

- 

37 

- 

- 

1,059 

'11,1.37 

Truck 

Total 

- 

- 

32 

- 

921. 

l.,85ii 

2,251. 

51., 139 

791 

- 

- 

125 

- 

- 

37 

- 

- 

- 

1,059 

11,1.37 

Indiana: 

Hall 

Water 

871 

1,081 

81.0 

- 

10 

•.,035 
3,009 

9,763 
2,661 

l.,20l. 

■.,1.19 

11,1.06 
50 

25,81.1 

10,730 

- 

- 

- 

- 

- 

2,511 

- 

1,218 

3,205 

- 

Total 

871 

1,921 

_ 

10 

7,01.1. 

12,1.21. 

8,623 

11,1.56 

36,571 

- 

_ 

- 

_ 

_ 

_ 

_ 

2,511 

_ 

1,218 

3,205 

Io«a: 
Rail 

- 

- 

- 

122 

28 

662 
696 

_ 

1.6 

587 
1,108 

- 

- 

313 

- 

35 

- 

3,253 

- 

673 

8,071 

Water 

Truck 

- 

Total 

. 

- 

- 

- 

122 

28' 

1,358 

- 

1.6 

1,695 

- 

- 

313 

- 

35 

- 

3,253 

- 

673 

8,071 

Kansas:  Rail 

19 

618 

10,507 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19 

- 

- 

618 

- 

10,507 

- 

- 

- 

Kentucky: 

Rail 

-_ 

- 

62 

- 

3^5 

13,018 

736 

3,333 

8,806 
17,183 

5,860 

936 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Water 

Truck 

_ 

Total 

- 

- 

62 

- 

3I.5 

l_3j75'. 

29,322 

5,860 

936 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Louisiana: 

Rail 

- 

- 

- 

- 

17 
12 

72 
65 

- 

- 

- 

- 

20 

69 

2,038 

- 

- 

- 

- 

- 

- 

Water 

_ 

Total 

- 

_ 

- 

- 

29 

137 

- 

- 

_ 

- 

20 

69 

2,038 

- 

- 

- 

- 

- 

- 

- 

Maryland: 

Rail 

Truck 

Tidewater 

6,02li 
1,516 
1,141.8 

151 

1,053 
913 

- 

251 
912 

503 
6,878 

_ 

- 

- 

- 

- 

- 

- 

_ 

_ 

- 

- 

- 

- 

- 

Total 

6,988 

151 

1,966 

- 

1,163 

7;38l 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Massachusetts ;  Rail 

29 

50 

21 

13 

_ 

. 

_ 

Total 

29 

_ 

50 

_ 

21 

13 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Michigan:               ' 
Rail 

270 

5,917 
3,198 

16,881. 
l.,657 

291 
2,673 

6,953 
12,1.75 

1,152 
1,802 

99 

1,993 

8 
625 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,311 

231 

Great  Lakes 

Total 

- 

270 

9,115 

21,51.1 

2;961. 

19,1.28 

2,951. 

2.092 

633 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,311 

231 

Minnesota: 

- 

- 

85 

32 

1.51 

389 
2,1.09 

366 
385 

3,393 
215 

559 

_ 

- 

- 

23 

- 

- 

; 

225 

- 

2,936 

Great  Lakes 

_ 

Total 

" 

" 

65 

32 

1.51 

2,798 

751 

3,608 

559 

" 

" 

" 

23 

225 

2,938 

8,007 

See  footnotes  at  end  of  table. 


TABLE  G-3.  -  Bituminous  cool  and  llpnlte  dlatrlbutlon  for  1^8^  according  to  the  rip_.  2   constrained,  modal  ehaxe  anolysla — Continued 

(Thousand  short  tons) 


Origin  districts 

Conaujner  region  ajia 
method  of  movement 

1 

2 

3*6 

1. 

7 

8 

9 

10 

11 

12 

13 

ll. 

15 

16 

17 

18 

19 

20 

21 

22*23 

Mississippi: 

Hull 

Water , 

- 

- 

- 

- 

31. 
26 

116 

1.09 
1.31 

11.6 

- 

- 

2,021 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

- 

- 

- 

- 

60 

116 

81.0 

1I.6 

~ 

- 

2,021 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

Missouri: 

- 

_ 

- 

- 

I.OI. 

1,31.1 

237 
250 

13, 1.81. 
81I. 

- 

- 

ikO 

-_ 

5,523 

5,1.1.1 

- 

26 

- 

6,616 

- 

- 

Water 

Truck 

- 

Total 

- 

- 

- 

- 

l.oii 

1,31.1 

1.87 

llj,298 

- 

- 

1I.0 

- 

10,961. 

- 

2(. 

- 

6,616 

_ 

- 

_ 

Montana: 

Rail 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,280 

- 

- 

9  I16O 

Truck 

101 

Total 

- 

_ 

_ 

- 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

- 

1,280 

- 

_ 

9.561 

Nebraska:      Rail 

. 

. 

_ 

. 

19 

61.5 

3,1.61 

7.1.51 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19 

- 

- 

61,5 

- 

3,1.61 

- 

- 

7.1.51 

Nevada: 

RaU 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21.  .600 

- 

2,312 

_ 

l.,993 

Pipeline 

_ 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

i.,eoo 

- 

2,312 

- 

l.,993 

ih 

2 

1,730 

10 

16 

Total 

il 

- 

2 

1,730 

10 

16 

- 

- 

_ 

- 

_ 

- 

_ 

- 

_ 

- 

- 

_ 

_ 

- 

New  Jersey:     Rail 

387U 

H27 

1. 

'95 

'3I.0 

Total 

67I. 

- 

527 

1. 

95 

3I1O 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

New  Mexico: 

Rail 

- 

- 

- 

- 

" 

- 

- 

- 

- 

28 

- 

- 

- 

6,799 

I.,958 

- 

- 

l.,800 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28 

- 

- 

- 

6.799 

1,,?56 

- 

- 

l.,8oo 

New  York: 
Rail 

5,669 

1,630 

10 

3,81iO 

l.,10l. 

137 

1I.9 

3,317 
213 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

102 

- 

Truck 

Great  LaJces 

- 

Total 

7,309 

3,BltO 

l.,10l. 

137 

1>19 

3,530 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

102 

- 

- 

North  Carolina: 

Rail 

- 

- 

39 

- 

931 

1.1.  ,212 
31 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Truck 

_ 

Total 

- 

- 

39 

- 

931 

l.l.,2l.3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

North  Dakota: 

- 

- 

- 

- 

- 

8 

1. 

- 

- 

- 

- 

- 

- 

- 

- 

250 

- 

1,317 
2,266 

- 

- 

~ 

- 

- 

8 

1. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

250 

- 

3,563 

Ohio: 

Rail 

- 

11,1.79 
3,1.56 
1,21.1. 

l.,936 

7 

8,759 

19,679 

23,811. 

63 

3,508 
80I1 

227 

33,737 

17,1.1.8 

986 

- 

826 

- 

- 

_ 

\ 

- 

\ 

- 

- 

\ 

Water 

Truck 

~ 

Great  Lakes 

. 

- 

9,179 

l.,9l.3 

52,315 

'",539 

52,171 

- 

- 

828 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Oklahoma: 

- 

- 

- 

- 

2I.9 

633 

- 

- 

- 

- 

107 

219 

6,671 
2,376 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

- 

- 

2ji2 

633 

- 

- 

- 

- 

107 

219 

9,017 

- 

- 

- 

- 

- 

- 

- 

Oregon:      Rail 

3 

1. 

99 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

3 

1. 

- 

99 

Rail 

16,96U 
23,101 

13,612 
10,1.61. 
9,211. 

13,821. 

165 

113 

2,880 
2,11.6 

5,996 
l',625 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Truck 

_ 

Total 

1<0,065 

33,310 

13,621. 

278 

5,026 

10,623 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

South  Carolina;     Rail 

_ 

. 

. 

. 

12,781 

Total 

- 

- 

- 

- 

- 

12 ,781 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

South  Dakota:     Rail 

. 

. 

3 

23 

9 

912 

13,136 

Total 

- 

- 

- 

3 

- 

23 

9 

- 

_ 

_ 

_ 

- 

_ 

- 

_ 

- 

912 

- 

13,136 

- 

Tennessee : 

- 

- 

- 

- 

181. 

11,951 
3,51.8 

9,163 

9,632 

1.9 

1,1.36 

800 

- 

13 
379 

- 

62 

- 

- 

- 

- 

- 

- 

Truck 

_ 

Total 

- 

- 

- 

- 

l&l 

15,1.99 

ifi.ell. 

1,1.36 

800 

- 

392 

- 

62 

- 

- 

- 

- 

- 

- 

- 

Texas : 

Rail 

- 

- 

- 

- 

780 

3,1.52 

- 

- 

- 

- 

536 

523 

27 ,039 

- 

- 

- 

21.  ,81.8 

- 

- 

_ 

Total 

780 

3,1.52 

" 

" 

536 

523 

27,039 

211,61.8 

" 

" 

TABLE  G-3.  - 


Bituminous  cool^  and  lignite  distribution  for  1985  according  to  the  No.  2   constrained  modal  share  analysis— Continued 

(Thousand  short  tons) 


Origin 

districts 

Consmner   region  and 
method  of  movement 

1 

2 

3*6 

h 

7 

8 

9 

10 

U 

12 

13 

11. 

15 

16 

17 

18 

19 

20 

21 

22+23 

Utah: 

Bail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,938 

351. 
2,971. 

- 

- 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

6,938 

3,328 

- 

- 

Virginia: 

Bail 

Truck 

11 

- 

- 

- 

701 
26 

11,328 
136 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

11 

- 

- 

- 

727 

11,1.61. 

- 

- 

~ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Washington: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

101 

157 

- 

"3,629 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

101 

157 

- 

3,^29 

West  Virginia: 

Bail 

- 

3,295 

I,l4l46 

563 

6,331 
1,220 
12,lil47 

1,336 
586 

705 

l.,737 
70 

15,373 
6,71.7 

1,61.0 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 

Truck 

_ 

Total 

- 

5,30li 

19,998 

2,627 

'',807 

23,960 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Wisconsin: 

Bail 

Great  Lakes 

6ii8 

- 

520 

601 

2I45 

601 
3,870 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,023 

- 

7,986 

11,21.8 

Total 

61i8 

- 

520 

601 

21.5 

l.>71 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,023 

- 

7,986 

11, 2l.fi 

Wyoming: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

1,306 
13,968 

- 

- 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,271. 

- 

- 

- 

Canada: 

Rail 

Great  Lakes 

20 
1.681 

3.027 

12 
7,l8l4 

27 

1480 

88 
2,051 

8,365 
106 

lliS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

1,701 

3,027 

7,196 

507 

2,139 

8,1.71 

1I.3 

- 

_ 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Mexico:     Rail 

182 

259 

Total 

- 

- 

- 

- 

- 

_ 

- 

182 

- 

- 

- 

259 

- 

- 

- 

- 

- 

- 

- 

- 

Other  export :      Rail 

3,955 

2,li78 

19,381. 

25,558 

. 

. 

Total 

3,955 

2,1.78 

19,381. 

25,558 

- 

^Adjusted  to  provide  water  service  to  electric  utilities  not  equipped  for  rail  delivery. 

^Estimated  pipeline  capacity. 

^Tidewater  portion  included  in  rail  values. 

•^  Actual  conveyor  operation. 


TABLE  G-k,   -   Bltumlnoua  coal  and  lignite  distribution  for  1985  according  to  the  Ho.  3  constrBlned  nodal  ahare  analysis 

(Thousand  short  tons) 


Orlpin 

dlstrlc 

ts 

Consumer  region  and 
method  of  movement 

1 

? 

3*6 

1. 

7 

6 

9 

10 

ii 

12 

13 

11. 

15 

16 

17 

18 

19 

20 

21 

22-1-23 

Mabama 

Rail 

Truck 

- 

- 

- 

- 

923 

1,789 

5,020 

2,237 

- 

- 

28,091. 
10.689 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

- 

- 

- 

- 

923 

1,789 

5,020 

2,237 

- 

- 

38,783 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Arizona:     Rail 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

11 ,936 

. 

2,037 

_ 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,936 

- 

2,037 

- 

- 

Arkansas; 

- 

_ 

- 

- 

117 

527_ 

- 

- 

- 

- 

78 

261. 

7,791. 

- 

- 

- 

- 

- 

- 

Water 

_ 

Total 

- 

_ 

- 

117 

527 

- 

_ 

- 

- 

78 

2Sl 

7.791. 

- 

- 

- 

- 

_ 

- 

Colorado: 

Rail 

97 

- 

- 

- 

32 

68 

- 

- 

- 

- 

- 

509 

71.1 

6,712 
2,1.27 

- 

6,233 

- 

2,191 

Truck 

_ 

Total 

97 

_ 

- 

- 

32 

68 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

1,250 

11,139 

- 

6,233 

_ 

2,191 

_ 

Delaware:     Rail 

798 

21 

285 

636 

1.065 

Total 

798 

21 

285 

- 

ili 

1,065 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

WBt.   of  Columbia:     Rail 

55 

151 

55 

1,053 

Total 

55 

- 

151 

- 

55 

1,053 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Florida: 

Rail 

Water 

- 

- 

- 

- 

l.,398 

1,559 
2,779 

507 

1,01.6 

- 

91.9 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

l',398 

l.,338 

507 

1,01.8 

- 

9I.9 

- 

- 

- 

- 

- 

- 

- 

- 

Georgia:     Rail 

11,591. 

U,1.38 

1,339 

2,763 

2,1.99 

- 

- 

- 

- 

11,591. 

11,1.38 

1,33? 

2,763 

- 

2,1.99 

- 

- 

- 

- 

- 

- 

- 

- 

Idaho: 

Rail 

Truck 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

92 

J7 
138 

1.88 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

92 

175 

iii 

Illinois: 

; 

- 

32 

- 

921. 

l.,85l. 

810 
1,1.1.1. 

1.1., 373 
9,767 

21.6 
51.5 

- 

. 

125 

. 

_ 

37 

- 

_ 

1,059 

Water 

■11,1.37 

Truck 

- 

- 

32 

921; 

\,Mi 

2,251. 

511,139 

- 

125 

- 

- 

37 

- 

- 

- 

1.055 

11,1.37 

871 

1,551. 

367 

- 

10 

2,530 

l.,5ll. 

7,561. 
14,168 

3,099 
5,521. 

11,1.06 
50 

25,81.1 
10,730 

- 

- 

- 

- 

I 

- 

- 

2,511 

- 

1,218 

3,205 

Truck 

_ 

Total 

871 

1,921 

- 

10 

7,01.1. 

12,1.21. 

S,to 

ll.lSf? 

36,571 

- 

- 

- 

- 

- 

- 

- 

2,511 

- 

1,218 

3,205 

Iowa: 

Rail 

- 

- 

- 

- 

122 

28 

1.88 
670 

- 

1.6 

567 
1,106 

- 

- 

313 

35 

- 

3,253 

- 

673 

8,071 

Truck 

_ 

Total 

- 

- 

- 

- 

122 

28 

1,358 

- 

1.6 

1,695 

- 

- 

313 

- 

35 

- 

3,253 

- 

ill 

6,071 

19 

618 

10,507 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19 

- 

- 

618 

- 

10,507 

- 

Kentucky: 

Rail 

Water 

- 

- 

62 

- 

31.5 

13,018 
736 

1,132 
U,007 
17 ,183 

5,860 

936 

- 

- 

. 

- 

- 

- 

- 

- 

- 

_ 

- 

62 

- 

3I.5 

13,751. 

29,322 

5,e(;o 

936 

- 

- 

- 

- 

- 

- 

- 

- 

Louisiana; 

Rail 

Water 

- 

- 

- 

- 

10 
19 

35 

102 

- 

- 

- 

20 

69 

2,038 

- 

- 

- 

- 

- 

_ 

- 

- 

- 

- 

29 

137 

- 

_ 

20 

69 

2,038 

_ 

_ 

- 

_ 

_ 

_ 

Maryland; 

Rail 

6,021. 

1,516 

1,1.1.8 

151 

1,053 
913 

- 

251 
912 

503 
6,878 

- 

- 

- 

- 

- 

- 

_ 

- 

- 

- 

Truck 

Tidewater 

_ 

Total 

8;988 

151 

1,9SS 

- 

1,163 

713^1 

- 

- 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Massachusetts :     Rail 

29 

50 

21 

13 

. 

1 

Total 

29 

50 

_ 

21 

13 

- 

- 

- 

- 

- 

- 

- 

_ 

_ 

_ 

- 

- 

- 

Michigan: 

Rail 

270 

5,917 
3,198 

16,861. 
1..657 

291 
2,673 

6,953 

12,1.75 

1,152 
1.802 

99 
1.993 

8 
625 

- 

- 

- 

- 

- 

- 

- 

2,311 

- 

231 

Total 

- 

270 

9,115 

21, Sill 

2,961. 

19,1.28 

2,951. 

2,092 

633 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2.312 

231 

Minnesota; 

Rail 

- 

85 

32 

1.51 

389 
2,1.09 

270 
1.81 

3,393 
215 

559 

- 

- 

-_ 

23 

- 

- 

- 

225 

- 

2,93f 

8,007 

Water 

85 

32 

^51 

2,798 

751 

3.^06 

559 

" 

' 

23 

" 

" 

' 

225 

' 

2,93t 

8,007 

See  footnotes  at  end  of  table. 


TfiBLE  G-h.    -  Bitiminous   coal  and  lignite  distribution  for  1965  according  to  the  No.    3  constrained  modaJ.  share  analysis — Continued 

(Thousand  short  tons) 


OrlRin  districts 

Consumer  region  and 
method  of  movement 

1 

2 

3+6 

1. 

7 

8 

9 

10 

11 

12 

13 

ll. 

15 

16 

17 

18 

19 

20 

21 

22+23 

Mississippi: 

Rail 

- 

- 

- 

- 

22 
38 

116 

302 
538 

11.6 

- 

- 

2,021 

- 

- 

- 

- 

- 

Water 

Total 

- 

- 

- 

- 

60 

116 

81.0 

M 

- 

- 

2,021 

- 

- 

- 

- 

_ 

- 

- 

- 

- 

Missouri : 

- 

- 

- 

- 

I.0I. 

1,31.1 

175 
312 

13,1.81. 
81 1. 

- 

- 

1I.0 

- 

5,523 
5,1.1.1 

- 

26 

- 

6,616 

- 

- 

Water 

Truck 

- 

Total 

- 

- 

- 

- 

l.oii 

1,31.1 

1.87 

ll.,298 

- 

- 

1I.0 

- 

10,961. 

- 

26 

_ 

6,616 

_ 

^ 

_ 

Montana : 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,280 

- 

- 

9,1.60 
101 

Truck 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,280 

- 

_ 

9,561 

Nebraska:      Rail 

19 

6I.5 

3,1.61 

7,1.51 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19 

- 

- 

61.5 

- 

3;  1.61 

- 

- 

7,1.51 

Nevada : 

Hail 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21.  ,800 

- 

2,312 

. 

l.,993 

Truck 

Pipeline 

Total 

- 

- 

- 

~ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

i.,8oo 

- 

1j312 

- 

■.,993 

Hew  Hampshire:      Rail 

Ill 

2 

1,730 

10 

18 

Total 

ii. 

- 

2 

1,730 

10 

18 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

_ 

- 

- 

New  Jersey:      Rail 

387fc 

'527 

li 

395 

33I.O 

Total 

S7I1 

- 

527 

1. 

95 

3I1O 

_ 

_ 

_ 

_ 

- 

- 

_ 

- 

_ 

_ 

_ 

_ 

_ 

_ 

New  Mexico: 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28 

- 

- 

- 

6,799 

U,958 

- 

- 

l.,800 

Truck 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

28 

_ 

_ 

- 

6,799 

i^,958 

_ 

_ 

l.,800 

New  York: 

Bail 

5,669 
1,630 

10 

3,81iO 

l4,10ll 

137 

1I.9 

3,317 
213 

_ 

- 

_ 

_ 

_ 

- 

_ 

- 

- 

_ 

- 

102 

_ 

Great  Lakes 

_ 

Total 

7,309 

3,6liO 

l4,10lt 

137 

II.9 

3,530 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

102 

- 

- 

North  Carolina: 

Rail 

Truck 

- 

- 

39 

- 

931 

41., 212 
31 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

- 

- 

39 

- 

931 

1.1., 21.3 

- 

- 

- 

- 

_ 

_ 

- 

- 

- 

- 

_ 

_ 

- 

_ 

North  Dakota: 

Rail 

Truck 

- 

- 

8 

U 

- 

- 

- 

- 

- 

- 

- 

- 

- 

250 

- 

1,317 
2,266 

- 

Total 

- 

- 

- 

- 

- 

8 

h 

- 

- 

- 

- 

- 

- 

~ 

- 

_ 

250 

- 

3,583 

- 

Ohio: 

- 

6,1.12 
1,523 
l,2lil4 

I.,936 

7 

22,981. 

5,1.51. 

23,811. 

63 

3,106 
1,206 

227 

23,851. 
27,331 

986 

- 

- 

828 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Water 

Truck 

- 

9,179 

14,91.3 

52,315 

l.,539 

52,171 

- 

- 

828 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Oklahoma : 

- 

- 

- 

21.9 

633 

- 

- 

- 

- 

107 

219 

6,671 
2,376 

- 

- 

- 

- 

- 

- 

Total 

_ 

_ 

_ 

_ 

2I.9 

633 

_ 

_ 

- 

_ 

107 

219 

9,01.7 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

Oregon:      Rail 

3 

1. 

99 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 

1. 

- 

99 

Pennsylvania: 

l6,961i 
23,101 

19, '•75 
l.,621 
9,21l4 

13,82l< 

165 

113 

1,806 
3,222 

8,586 
2,037 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Total 

110,065 

33,310 

13,821. 

278 

5,028 

10,623 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

South  Carolina:      Rail 

12,781 

Total 

- 

- 

- 

- 

- 

12,781 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

South  Dakota :      Rail 

3 

23 

9 

912 

13,136 

. 

- 

- 

- 

- 

23 

9 

- 

- 

- 

- 

- 

- 

- 

- 

- 

912 

- 

13,136 

Tennessee : 

Rail 

- 

- 

- 

- 

181. 

11,951 
3,51.8 

6,755 

12,01.0 

1.9 

1,1.36 

800 

- 

13 
379 

- 

62 

- 

- 

- 

- 

- 

- 

Water 

- 

- 

- 

- 

ifk 

15,1.99 

18,61.1. 

1,1.36 

800 

- 

392 

- 

62 

- 

- 

- 

- 

- 

- 

Texas : 

- 

- 

- 

- 

780 

3,1.52 

- 

- 

- 

- 

536 

523 

27,039 

- 

- 

- 

2li,81.8 

- 

- 

Water 

780 

3,1.52 

' 

' 

" 

' 

536 

523 

27,039 

2l.,B1.8 

See    footnotes  at    end  of  table. 


TABLE  G-li.  -  Bltumlnoufl_  coal^  and  llBjnlte  distribution  for  I963  according  to  the  Ho.  3  constrained  modal  ahare  onalyBla — Continued 

(Thousand  short  tons) 


Origin   districts 

Consumer  region  and 
method  of  movement 

1 

2 

3*6 

1. 

7 

8 

9 

10 

11 

12 

13 

11. 

15 

16 

17 

18 

19 

20 

21 

22»23 

Utah: 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,938 

351. 
2.971. 

- 

Truck 

. 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,938 

3,32tt 

- 

- 

Virginia: 

11 

- 

- 

- 

701 
26 

11,328 
136 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Truck 

_ 

Total 

11 

_ 

- 

- 

727 

11,  Wl. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Washington: 

Rail 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

101 

157 

- 

Truck 

"3,629 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

101 

157 

- 

3,629 

West   Virginia: 

Rail 

Hater    

- 

3,295 

1,1.1.6 

561 

6,331 
1,220 
12,1.1.7 

1,336 
586 
705 

l.,737 
70 

15,373 
6,71.7 
1,81.0 

;; 

- 

- 

- 

- 

- 

- 

- 

- 

- 

;; 

- 

. 

Truck 

_ 

Total 

- 

?,30l. 

i?..9?e 

2,627 

l.,Sb7 

23,960 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Wisconsin: 

Rail 

61.8 

520 

601 

21.5 

601 
3,870 

- 

- 

- 

~ 

- 

- 

- 

- 

- 

- 

1,023 

- 

7,986 

11.  21.8 

Great  Lakes 

Total 

61.6 

- 

520 

601 

2I.5 

l.,l.71 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,023 

- 

7,986 

11,21.8 

Wyoming: 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,306 
13,968 

- 

Truck 

. 

Total 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,271. 

- 

- 

- 

Canada : 

Rail 

20 
1.681 

3,027 

12 
7,181. 

27 
1.80 

88 
2,051 

8,365 

106 

11.3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Great  Lakes 

_ 

Total 

1,701 

3,027 

7,196 

507 

2,139 

■8,1.71 

1I.3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Mexico:      Rail 

182 

259 

- 

Total 

- 

- 

- 

- 

- 

182 

- 

- 

- 

259 

- 

- 

- 

- 

- 

- 

- 

Other  export :      Rail 

3,955 

2,1.78 

19,381. 

25,558 

3,955 

' 

2;i.7S 

19,381. 

25,558 

" 

' 

" 

'Adjusted  to  provide  water  service  to  electric  utilities  not  equipped  for  rail  deli' 

^Estimated  pipeline  capacity. 

^Tidewater  portion  included  in  rail  values. 

''Actual  conveyor  operation. 
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TABLE  G-5.  -  Projected  I985  coa2  transport  shares  for  the  imconstrained 

modal  share,  by  State,  million  short  tons 


State 


Truck 


Rail 


Water 


Tide- 
water 


Great 
Lakes 


Pipe- 
line 


Total 


Alabama 

Arizona , 

Arkansas 

Colorado 

Delaware 

District  of  Columbia 

Florida 

Georgia , 

Idaho , 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana , 

Maryland 

Massachusetts 

Michigan , 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania , 

South  Carolina , 

South  Dakota 

Tennessee 

Texas , 

Utah , 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Canada 

Mexico 

Other  export 

Total , 


10,689 
3,168 


138 

10,312 

10,780 

1,108 

17,919 
1,516 


6,255 
101 

2,312 


6,799 
1,630 
31 
2,266 
25,058 
2,376 

32,^28 


3,976 

2,97i+ 

162 

3,629 

15,625 

13,968 


175,220 


38,063 

13,973 

8,516 

17,8^2 

2,805 

l,3lJ+ 

5,953 

29,633 

617 

51,6i;9 

51,905 

13,128 

ll,li+i+ 

20,221 

2,107 

7,831 

113 

33,81+6 

11,582 

2,283 

27,531+ 

10,71+0 

11,576 

^,993 

1,771+ 

1,81+0 

9,786 

17,318 

1+5,182 

1,579 

22,787 

7,879 

106 

30,953 

12,781 

ll+,083 

13,6h6 

56,119 

7,292 

•12,0l+0 

258 

8,289 

20,858 

1,306 

8,512 

1+Ul 

51,375 


725,572 


26^ 


5,287 


13,691 

23,169 

1,358 

12,139 
186 


l+,ll+l+ 
900 
1+87 


7^,81+7 
39,71+7 


19,595 
1,059 


32,782 


229,655 


10,302 


27,693 
3,751 


10,302 


223 


1,283 


5,881+ 
ll+,672 


53,506 


l+,800 


l+,800 


1+8,752 

13,973 

8,780 

21,010 

2,805 

l,3ll+ 

11,21+0 

29,633 

755 

75,652 

85,851+ 

15,59^ 

ll,ll+l+ 

50,279 

2,293 

19,61+9 

113 

61,539 

19,1+77 

3,183 

3l+,276 

10,81+1 

11,576 

12,105 

1,771+ 

1,81+0 

16,585 

19,171 

1+5,213 

3,81+5 

123,975 

10,255 

106 

103,128 

12,781 

11+^083 

37,217 

57,178 

10,266 

12,202 

3,887 

56,696 

26,71+2 

15,271+ 

23,181+ 

kkl 

51,375 


1,199,055 
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TABLE  G-6.  -  Projected  198^  coal  transport  shares  for  the  No.  1  constrained. 

modal  share,  by  State,  million  short  tons 


State 


Truck 


Rail 


Water 


Tide- 
water 


Great 
Laikes 


Pipe- 
line 


Total 


Alabama 

Arizona 

Arkansas 

Colorado 

Delaware 

District  of  Columbia, 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Canada 

Mexico 

Other  export 

Total 


10,689 
3,168 


138 

10,312 

10,T80 

1,108 

17,919 
1,516 


6,255 
101 

2,312 


6,799 
1,630 
31 
2,266 
25,058 
2,376 

32,U28 


3,976 

162 

3,629 

15,625 

13,968 


38,063 

13,973 

8,516 

17,8i+2 

2,805 

1,31  It 

7,512 

29,633 

617 

52,1+59 

60,297 

13,616 

ll,lUl+ 

21,353 

2,159 

7,831 

113 

33,81+6 

11,852 

2,607 

27,709 

10,71+0 

11,576 

It, 993 

1,771+ 

1,81+0 

9,786 

17,318 

1+5,182 

1,579 

39,268 

7,879 

106 

51,61+3 

12,781 

ll+,083 

20,1+01 

56,119 

7,292 

12,0l+0 

258 

31,072 

20,858 

1,306 

8,512 

1+1+1 

51,375 


261+ 


3,728 


12,881 

ll+,777 

870 

11,007 
131+ 


3,871+ 
576 
312 


58,593 
19,057 


12,81+0 
1,059 


9,999 


10,302 


27,693 
3,751 


l+,800 


223 
1,283 


5,881+ 
ll+,672 


1+8,752 
13,973 

8,780 
21,010 

2,805 

l,3ll+ 
11,21+0 
29,633 
755 
75,652 
85,851+ 
15,591+ 
ll,ll+l+ 
50,279 

2,293 

19,61+9 

113 

61,539 

19,1+77 

3,183 
3l+,276 
10,81+1 
11,576 
12,105 

1,771+ 

1,81+0 
16,585 
19,171 
1+5,213 

3,81+5 

12l+,202 

10,255 

106 

103,128 

12,781 

ll+,083 

37,217 

57,178 

10,266 

12,202 

3,887 
56,696 
26,71+2 
15,271+ 
23,181+ 
1+^1 
51,375 


175,220 


805,1+83 


11+9,971 


10,302 


53,506 


l+,800 


1,199,282 
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TABLE  G-T-  -  Projected  198^  coal  transport  shares  for  the  No.  2  constrained 

modal  share,  by  State,  million  short  tons 


State 


Truck 


Rail 


Water 


Tide- 
water 


Great 
Lakes 


Pipe- 
line 


Total 


Alabama 

Arizona 

Arkansas 

Colorado 

Delaware 

District  of  Columbia, 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio , 

Oklahoma 

Oregon 

Pennsylvania 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Canada 

Mexico 

Other  export 

Total 


10,689 
3,168 


138 

10,312 

10,780 

1,108 

17,919 
1,516 


6,255 
101 

2,312 


6,799 
1,630 
31 
2,266 
25,058 
2,376 

32,1+28 


3,976 

2,971+ 

162 

3,629 

15,625 


13, 


38 

13 
8 

17 
2 
1 
8 

29 

52 
6h 
13 
11 
23 
2 
7 

33 

11 

2 

27 

10 

11 

I4 

1 

1 

9 

17 

i+5 

1 

56 

7 

53 
12 
Ik 
22 
56 
7 
12 

31 
20 

1 


51 


175,220 


83I+ 


063 
973 
516 
81+2 
805 
31  ii 
068 
633 
617 
7W 
li+5 
790 
1I+I+ 
551+ 
196 
831 
113 
81+6 
9I+8 
726 
771 
7I+0 
576 
993 
Jlk 
8^0 
786 
318 
182 
579 
2I+7 
879 
106 
1+^3 
781 
083 


119 
292 
Ol+O 
258 
072 
858 
306 
512 
1+1+1 
375 


261+ 


3,172 


12,592 

10,929 

696 


97 


3,778 
1+57 
250 


1+1,387 
17,257 


10,1+32 
1,059 


9,999 


10,302 


27,693 
3,751 


l+,800 


223 


1,283 


5,881+ 
ll+,672 


1+8,752 
13,973 

8,780 
21,010 

2,805 

l,3ll+ 
11,21+0 
29,633 
755 
75,652 
85,851+ 
15,591+ 
11,11+1+ 
50,279 

2,293 

19,61+9 

113 

61,539 

19,1+77 

3,183 
3l+,276 
10,81+1 
11,576 
12,105 

1,771+ 

1,81+0 
16,585 
19,171 
1+5,213 

3,81+5. 

123,975 

10,255 

106 

103,128 

12,781 

ll+,083 

37,217 

57,178 

10,266 

12,202 

3,887 
56,696 
26,71+2 
15,271+ 
23,181+ 
kkl 
51,375 


052 


121,175 


10,302 


53,506 


l+,800 


1,199,055 
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TABLE  G-8.  -  Projected  198^  coal  transport  shares  for  the  No.  3  constrained 

modal  share,  by  State,  million  short  tons 


State 


Truck 


Rail 


Water' 


Tide- 
water 


Great 
Lal'.es 


Pipe- 
line 


Total 


Alabama 

Arizona 

Arkansas 

Colorado 

Delaware 

District  of  Coliunbia. 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Canada 

Mexico 

Other  export 

Total 


10,689 
3,168 


138 

10,312 

10,780 

1,108 

17,919 
1,516 


6,255 

101 

2,312 


6,799 
1,630 
31 
2,266 
25,058 
2,376 

32,1+28 


3,976 

2,97^ 

162 

3,629 

15,625 

13,968 


38 

13 
8 

17 
2 
1 
7 

29 

52 
59 
13 
11 
21 
2 
7 

33 

11 

2 

27 

10 

11 

h 

1 

1 

9 

17 

h5 

1 

62 

7 

60 
12 
Ik 
20 
56 
7 
12 

31 
20 

1 


51 


175,220 


837 


063 
973 
516 
8U2 
805 
31U 
512 
633 
617 
U59 


616 
lli^ 
353 
152 
831 
113 
81+6 
852 
607 
709 
7^0 
576 
993 
77^ 
8^0 
786 
318 
182 
579 
120 
879 
106 
820 
781 
083 
1+01 
119 
292 

oi+o 
258 
072 


306 

512 
1+1+1 

375 


26I+ 


3,728 


12,881 

li*,573 

870 

11,007 

ll+l 


3,871^ 
576 
312 


35,5li+ 
9,1 


12,81+0 
1,059 


9,999 


10,302 


017 


117,518 


10,302 


27,693 
3,751 


l+,800 


223 


1,283 


5,881+ 
1^,672 


1+8 
13 


,752 
,973 
,780 
,010 
,805 
,311+ 
,2U0 
,633 

755 
,652 
,162 
,59^* 
,11+1+ 
,279 
,293 
,61+9 

113 
,539 
Ml 
,183 
,276 
,81+1 
,576 
,105 
Jlh 
,81+0 
,585 
,171 
,213 
,81+5 
,975 
,255 

106 
,128 
,781 
,083 
,217 
,178 
,266 
,202 
,887 
,696 
,71*2 
,27^+ 
,181+ 

1+1+1 
51,375 


21 
2 

1 
11 
29 

75 
85 
15 
11 
50 
2 
19 

61 
19 

3 
3U 
10 
11 
12 

1 

1 
16 
19 
J+5 

3 

123 

10 

103 
12 
1I+ 
37 
57 
10 
12 
3 
56 
26 
15 
23 


53,506 


l+,800 


1,198,363 
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APPENDIX  H. --DEFINITIONS 

Average  practice. --In  reference  to  transportation  costs,  this  terminology 
represents  the  least  squares  calculated  line  of  best  fit  for  selected  coal 
transportation  cost  data.   In  a  discussion  of  operating  characteristics,  it 
pertains  to  the  average  values  for  equipment  operation  generated  in  an  analy- 
sis of  carrier  practices  in  1973. 

Best  practice. --A  method  of  transportation  that,  through  the  application 
of  new  technology  and  the  efficient  use  of  existing  transport  facilities, 
utilizes  coal  haulage  equipment  in  such  a  manner  as  to  minimize  lag/idle  time 
and  maximize  annual  carrying  capacity. 

Class  I  railroads. --Those  railroads  having  annual  operating  revenues  of 
$5,000,000  or  more  (2). 

Constrained  modal  share. --A  total  origin-destination  matrix  portraying 
the  effects  of  river  capacity  constraints  on  the  allocation  of  projected  1985 
coal  tonnages  to  the  modes  of  delivery  serving  each  individual  origin- 
destination. 

Eastern,  southern,  western  districts  (as  applied  to  rail  transporation) . -- 
These  are  not  geographic  divisions  as  the  names  imply.   Rather,  rail  districts 
are  formed  by  a  compilation  of  select  roads.   For  further  information,  see 
reference  27. 

Ex-river  shipments. --Bureau  of  Mines  terminology  that  "Includes  coal 
loaded  directly  into  river  barges  at  the  mine  and  coal  hauled  to  river  dumping 
facilities  via  rail,  truck,  or  other  means  of  transport  and  thence  shipped  via 
river  to  a  river  lifting  facility  from  which  the  coal  was  transshipped  inland 
to  the  ultimate  consumer  or  retail  dealer  located  away  from  the  river  lifting 
facility"  (55). 

Interlining  service. --An  occurrence  in  single-mode  transportation  where 
two  or  more  carriers  are  required  to  complete  the  transmission  of  freight  from 
origin  to  destination. 

Serviceable  hopper  cars. --The  number  of  hopper  cars  remaining  when  those 
awaiting  repairs  are  subtracted  from  total  hopper  car  ownership. 

Unconstrained  modal  share. --A  total  origin-destination  matrix  displaying 
the  projected  1985  coal  tonnages  allocated  to  each  of  the  proportionally 
increased  modes  along  with  the  initial  coal  tonnages  given  to  the  least  cost 
choice  between  water  and  rail  (if  both  are  available). 
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